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Fore^word 




N recent years, such marvelous advances have been 
made in the engineering and scientific fields, and 
so rapid has been the evolution of mechanical and 
constructive processes and methods, that a distinct 
nefed has been created for a series of prat-tical 
trorklng guides^ of convenient size and low cost, embodying the 
accumulated results of experience and the most approved modern 
practice along a great variety of lines. To fill this acknowledged 
need, is the special purpose of the series of handbooks to which 
this volume belongs. 

C In the preparation of this series, it has been the aim of the pub- 
lishers to lay special stress on the irractlcal side of each subject, 
as distinguished from mere theoretical or academic discussion. 
Each volume is written by a well-known expert of acknowledged 
authority in his special line, and is based on a most careful study 
of practical needs and up-to-date methods as developed under the 
conditions of actual practice in the field, the shop, tlie mill, the 
power house, the drafting room, the engine room, etc. 

C These volumes are especially adaj)ted for purposes of st^lf- 
instruction and home study. The utmost care has ]>een used to 
bring the treatment of each subject within the range of the com- 



iiion understandiiig, so that the work will appeal not only to the 
technically trained expert, but also to the beginner and the self- 
taught practical man who wishes to keep abreast of modern 
progress. The language is simple and clear; heavy technical terms 
and the formulae of the higher mathematics have been avoided, 
yet without sacrificing any of the requirements of practical 
instruction; the arrangement of matter is such as to carry the 
reader along by easy steps to complete mastery of each subject; 
frequent examples for practice are given, to enable the reader to 
test his knowledge and make it a permanent possession; and the 
illustrations are selected with the greatest care to supplement and 
make clear the references in the text. 

C The method adopted in the preparation of these volumes is that 
which the American School of Correspondence has developed and 
employed so successfully for many years. It is not an experiment, 
but lias stood the severest of all tests — that of practical use — which 
has demonstrated it to be the best method yet devised for the 
education of the busy working man. 

C I'or purposes of ready reference and timely information when 
needed, it is believed that this series of handbooks will be found to 
meet every requirement. 
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PLANE SURVEYING. 

PART I. 



Surveying is the art of deterniininir, from nieasureinents made 
uj)on the ground, the relative positions of jK>int8 or lines upon the 
surface of the earth and of keeping records of such measurements in 
a clear and intelligent manner so that a picture (called plat) maybe 
made of the lines or areas included in the survey. The records 
should be systematically arranged so that • any ])er8on with a 
knowledge of surveying can use the notes intelligently. The Held 
oj)erations consist essentially of locating points, measuring lines 
and angles, measuring areas and laying out and dividing up areas. 
It is apparent that Arithmetic and Geometry are essential to the 
successful aj)plication of the ])rinciples of Surveying. 

The subject may be divided into two parts: Plane Surveying 
and Geodetic Surveying. 

In Plane Surveying, the portion of the earth includcHl in the 
survey is regarded as a horizontal ])lane; in other words, the curva- 
ture of the earth's surface is neglected. In the ordinary oj)erations 
of land surveying this assumption will not cause appreciable error 
as the lines and areas dealt with are of a limited extent. 

As Qeodetic Surveying, on the other hand, deals with extensive^ 
lines and vast areas, the effect of the curvature of the earth's sur- 
face must be taken into consideration. 

All of the oj)erations of surveying must proceed from the 
direct to the indirect. That is to say, we must first measure 
directly certain quantities upon the ground and, from these calcu- 
late certain other quantities that cannot be measured directly. It 
is, therefore, apparent that all field measurements must be made 
with the utmost care, consistent with the nature of th(» ] problem 
involved, and that habitual inaccuracy and slovenly methods of 
kee])ing field notes must be avoided. Full details accurately 
measured and carefully and systematically n^corded should be the 
aim of every engineer who would ultimately achieve success. 
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Measurement of lines. Probably the most elementary prob- 
lem that presents itself is to measure the horizontal distance be- 
tween two points without the use of instruments. 

This can best be done by pacinfr, provided both points are 
accessible. In order to make this method of measurement efficient, 
it is necessary to determine as accurately as possible- the length of 
one's pace. To do this, lay off upon lirm, level ground by any 
convenient method, a line from »50 to 100 feet in length. Pass 
over this line from end to end, back and forth, keeping careful 
account of the numlxT of steps taken each time the distance is 
covered. The total distance traversed, divide<l by the total number 
of steps will give the average length of one's pac^. In thus 
ascertaining the length of the pace do not attempt to cover three 
feet at every step. It is better to adopt a natural, swinging ^it. 

Having thus determined the length of one's pace, the distafnce 
between two points may be measured approximately by walking 

in a straight line from ])oint to point 

and counting the number of steps. 

1 ^^^^^jj^— This number multiplied by the length 

7^ I of step will give the length of line 

recjuired. If the intervening space 
bi4ween the points cannot be trav- 
erst'd, US for instance w^hen the two 
points an* on ()p[>ositr sides of a stream, the width of the stream may 
be ascertained a[)|)r().\imately by stationing an observer on each 
side and noting' the time elnjising between the flash of a pistol 
and the sonnd of tlie report. This interval, in seconds, multiplied 
by l,()tM) (Vi'locity of sound in feet per second) will give the dis- 
tance in feet. Pn)per allowance must be made for direction and 
intensity of wind and therefore measurements of this kind had 
best be nnuit* nj>on a (piit^t <lay. 

Another elementary |)robleni frecpiently met with is as follows: 
Ilecpiired to determine the altitude of an object such as a house or 
a tree, without the use of an instrument. 

To solve this problem, takt» an ordinary lead ])encil and hold 
it in a vertical [)osition about two feet from the eye, the observer 
being far enough fn)m the object for the visual angle interceptini 
by the pencil to just cover the object from top to bottom. The 
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observer then paces the distance from his position to the object. 
The height of the object is determined as follows : 

Let A, Fig. 1, represent the position of the observer's eye; 
BC the pencil held- at the distance AD from the eye; EF* the object 
who^e height is to be ascer-tained. AJI is the distance from the 
observer to the object and is to be paced. Then from similar 
triangles we have 

nn V Mr 
BC : EF : : AD : AH, or EF = — ^j/— 

For example, suppose the pencil is seven j riches long and is 
held at a distance of two feet from the eye; the distance 'from the 
observer to the object being 85 feet. Then from the formula 

^ X 85 
EF = '^ . ,) = 24.8 feet nearly. 

In this, as in other problems, all quantities should be reduced to 
the same units. 

The examples just given must be understooil as illustrations 
merely and the student should avoid slipshod methods ; under- 
standing that his best efforts will be needed in all surveying prob- 
lems, and that the best is none too good. 

SURVEYING WITH INSTRUMENTS. 

Quitter's Chain, so called from the inventor, is well adapted 
to all classes of problems involving the calculation of areas from 
lines measured in the Held. For many years this chain has been 
the English linear unit for all land measurements. It should be 
made of steel; it is 06 feet or 4 rods in length and has 100 links, 
each 7.92 inches. The handles are fitted with swivels to prevent 
the chain from kinking, and at ev^ery tenth link from either end is 
attached a brass tag with 1, 2, ii or 4 prongs to assist in measuring. 
Thus the tag of four prongs indicates -40 links from one end, (See 
Fig. 2) but it represents i)0 links from the other end; therefore 
care must be exercised in measuring, or distances may be measured 
from the wrongiend of the chain. The 50. link mark is round 
in form so ttat it may be easily distinguished from the other tags 
Since the parts are called links, the length is expressed in chains 
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ari«i link-:: it 15 writu-n tbu^: 15 chains and S2 links is 15.82 
fhains. 

It i^ trtic that thi< t-haiii i? rapidly goincr oat of use, yet one 
>h<mld 1*r- thnr<»utrli]y at* juaintr<i with it, liecanse many of the land 
nvords ill this; c«>niitry are l»a<t^l ii|iun it. In computing areas, 
the chain ha< the advaiitaife that ><|uare chains are easily reduced 
to acres hy ^iIIipIy moviuir the deeiminal j>oint one pUce to the 




Iff!; for r\aMi[.lf, a chain i- •>»; ffi-t : the square would lKM)r)X<>6 = 
\''%'}i\ .-'jiiart- f,-rt. whieli is ,\, of an acre. A nvtanijular lot hav- 
in^r two .-:«h's of i\.:\'l aii.l :1AT) ch-iins resjH^ctively = li-J.o*^ SO 
.-(juart* rhair..- or l.o^>^^ acn^. 

GUNTERS OR LAND MEASURE. 

T/.»:J ineh.-s I link 

inO links or r,!; frt-t or 4 nwiv 1 chain 

10 Mjnan* chains (»r 1^ hmmIs 1 acre : 4;ir>r»0 square feet 

<*» H) a<'rc> I s<juai*e iiiih* 

A two-ro<l or half chaiii is sometimes usimI instead of the full 
<iiinter*s cliain. Its only Jnlvantaire is in th(^ convenience of hand- 
'in;,r a shorter chain when workinc^over uneven ji;round. Formerly 
the enjiinei-r's cliain was almost universally **ui|>Ioved in making 
Hurvevs for surfac** canals, sewers, water -works systems, etc. It 
dilfers from the < innter's chain in that is 100 ftn^t in lentrth and con- 
taiiiH 100 links, «*aeii of which is, tiierefore, 1 foot long. 

Tint unit of linear nu»asure in the United States is the foot. 
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In measuring lines, a cEain 100 feet long, divided into 100 links, 
is now in use. Distances are recorded in feet; decimals of a foot 
being used when po3sible. In cities where accurate and precise 
measurements are necessary, various kinds of t^pes are' used hkving 
the foot divided decimally. 

It has been decided both by custom and law that the length of 
the boundary lines of a field is not the actual distance on the surface 
of the ground, but is the projection of that distance on a horizontal 
plane. The area of a field is not the exposed superficial surface, 
but as 8^o»o stated, the projection of that surface on a horizontal 
plane, F^^r -^ '■'■ re^sfUlii^ in all land sui'veyltuj^ horizontal dis- 
tant .*^ a-u tti •• . ! :»-:iur^d and from these the areas computed. 

TKe Gunter*s chain; as well as the engineer's chain, is a very 
inav urate device for measuring distances and areas unless special 
^)f^cautions are taken to counteract the errors to which it is liable. 
Some of these errors are cumulative and some comj)en8ating, and in 
whiR follows no attempt will be made to classify them. Some of 
the causes of errors will be pointed out and the surveyor should 
do all in his power to eliminate them. 

The chain will sag between supports and thus the distance 
measured will be too short. This is sometimes allowed for ])y 
making the chain agiven amount longer than the standard. Again, 
the chain may be standard under a certain ])ull ani^j^iperature, 
and for very precise work a s])ring balance is attachW to one end 
of the chain to register the pull. A thermometer also is provided 
but is of little value from the fact that the temperature of the 
chain may vary considerably from that of the atmo*)here. Still 
further, the length of the chain is likely to he increased from the 
wear of the links and connections. Each link with its connec- 
tion has six wearing surfaces so that if each surface is worn away 
but -j-J^ inch the chain will elongate () inches. The rings and 
loops at the end of the links are frequently stretched out of the 
true form, thus elongating the chain; or the links may become 
bent, thus shortening the chain. In pulling the chain over the 
ground the links and rings have a tendency to collect weeds, mud, 
etc., and thus shorten the chain. In coM weather, ice and snow 
may collect in the joints with the same result. In using the chain, 
the links and rings kink and twist, and a sudden jerk may break 
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tilt' chain. For tliest* reasons the chain is not at present used as 
much as formerly. 

The Tape. Ta|»es are made of various materials and are known 
as linen, metallic and steel. 

Linen ta|>e9. from the nature of the material, are likely to twist 
and- taii<£le and when wet are easily stretched; for these reasons 
they do not lontr retain their stan<lard lenirth. They are used only 
in the roufrhest kin<l of work. Metallic ta|)es have a linen Inxly 
with threads of copper or brass running throughout their length. 
These int^allic threads prevent twisting and tangling and in a gen- 
eral way assist in |)reserving the standard length of the tape. They 
are hetttM* than linen tapes hut not suitable foi 'gv/od" w^rk. 

Stt»el tajK'S an» of two kinds, *'ribbon" and *'band." Ribbon 
tajH's are made of thin steel about jj inch wide. They are usually 
made in lengths of r>() <>r 100 feet. They are divided into fee\\ 
tenths an<l hundredths of a foot, the divisions Innng etched U|)on 
tlu* ta[H\ Tlh» other si<le of the ta}K» is sometimes divided into rods 
and links to adapt it to land surveying, and it is either wound up 
into a leather case or upon a reel. 

Uibbon ta|M's an* generally use<l when considerable accuracy 
in mt»asureinrnts is recpiired, such as laying out foundations for 
buildings, briilge piers, mt^asurfng uji sewer lines, etc. From the 
nature of tlnMr construction, they will not stand much wear and 
tear, and are therefore not adapted to tlu» rough usuage of general 
iield work. If carrird in the east- or reel, on account of the sharp 
bend at the center, the tape will soon break off at that point. 
After use in the Iield. the ta[K* should be carefully wi])tHl off and 
oiled if necessary, as the rust will obliti-rati^ the graduations and 
nuike it ditlieult to read. In u^ing tin- ribl»on ta[>e in the field, 
care must be exercised to juwent twi>tingan<l kinking or catching 
under sticks or stones, as a slight jerk will break it. 

The band ta|H» is best adapted to general ti«*l<l work and to 
rough usage. It is made of heavy sti*el about ,'',. of an inch wide 
an<l 100 feet long, divided into fcn't; usually the first an<l last foot 
are divided into tenths. The one-foot divisions niav be marked 
by rivets, although the rivets tend to weaken the tajK/. They are 
Bometinu's marked by solder, which is notcluMi at the |)ro[)er point 
and stamped with the number. They are usually ttttiHl with litdit. 
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detachable handles for use in the field, but these are easily displaced 
or often lost in dragging the tape over stones or through grass. It 
is better to fit the tape with leather handles large enough to easily 
go over the hand« After use, the band tape should be gathered 
up in loops about three feet long and tied in the middle forming a 
figure eight. If it is desirable to wind the tape upon a reel, there 
are at present upon the market, several styles of reels, stiff in con- 
struction and convenient to carry. 

The ta|>e, like the chain, is likely to change 
in length due to changes of temperatures, and 
unless the proper pull is aj)plied to the ends 
it will measure short of the standard. Al- 
together it is more accurate than the chain and 
of late years has largely replaced it for all 
kinds of field work. Indeed, with proper 
precautions, it has been found possible to 
obtain nearly as accurate results as with the 
most elaborate apparatus designed for meas- 
uring lines. 

Since the methods of using the chain in 
the field are the same as for using the tape it 
will be suflScient to explain the methods of 
using the latter. 

In connection with the tape there should be provided a set of 
eleven marking pins from lo to 18 inches in length. To each |)in 
should be attached a piece of red flannel to |)revc^nt its being over- 
looked in the grass. There should also be provided two rods 
(called flags), from 6 to 8 feet in length divided into foot lengths 
and painted alternately red and white. These rods are sometimes 
constructed of straight white pine, but ^-inch gas pij)e fitted with 
a steel shoe is better. It is desirable also, to [)rovide a plumb-bob 
and string, and a hatchet. 

Use of the Tape or Chain. For measuring a line with the 
tape, two men are required, a '* leader'' and ** follower," or hnul 
and rear tapemen. The first step is to set one of tin* flags at tlie 
far end of the line to be measured, or if the line is too long, only 
as far ahead as can be distinctly seen. It is best to mark the 
beginning of a line with a stake driven as closely to the ground as 
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circumstances will permit. The tape is then unrolled or unfolded 
in the direction of the line, the 100-foot mark going ahead. The 
leader takes the pins and the forward end of the tape and with a 
flag walks off in the direction of the forward end of the line, 
dragging the taj)e after him. When nearly one hundred feet away 
the follower cries " down " and the leader faces the follower holding 
the flag vertically to be signalled into line by the follower. The 
tape is then stretched and straightened and a pin stuck vertically 
into the ground exactly at the 100-foot mark. The leader then 
picks up his end of the tape and starts off as before, the process 
being repeated each time, except that the follower must be particular 
to pick up each pin that is left in the ground by the leader. 

If the line is more than eleven tapes in length, after the 
leader has stuck his last pin he cries **pins" and the follower 
delivers to him the ten pins that he has picked up. If the line to 
be measured is very long, some method should be adopted for 
keeping count of the number of times the pins have been exchanged. 
If the line ends with less than the length of a tape, the leader pulls 
out the tape to its full length, not sticking a pin, however, and 
then walks l)ack and notes the distance from the last pin to the end 
of the line. This distance added to the number of ])ins held by 
the follower, including the last one stuck, will give the distance 
from the point at which the pins were exchanged. For instance, 
if the follower has six ])ins and the end of the line is ()5 feet from 
the last j)in, the entire distance from the point of exchange of pins 
is 005 feet. It mu*t be remem])ered that each exchange of pins 
counts for 10 taj)e lengths or 1,000 feet. 

Chaining on Slopes. One of the most important uses of the 
chain is. to measure accurately distances where the surface of the 
land is uneven or of a sloping nature. In measuring up or down 
a slope, one end of the Uipe is raised until the top is as nearly as 
possible in a horizontal ]>lane. If the slope is too steep to permit 
of one end of a full tajK^ being raised enough to bring the Uiiie 
horizontal, the tape is **broken,"*' that is to say, only a part of the 
tape is used at each measurement. To do this the tape should be 
stretched to its full length, the leader returning to such a ]X)int 
upon the tape that the portion between himself and the follower 
may be proj)erly leveled. A measurement is made with this por- 
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tion, the <)[)eration being rejx^ated with the next section of tape and 
so on until tlie entin^ taj>e has l)een used. Care sliould be taken 
not to confuse the pins. The high end of the tape may be trans- 
ferred in any one of several ways, dej)endhig upon the degree of 
accuracy required. For great accuracy, a plunib-l)ob should be 
used but it shouhi not be dropped and the ])in placed in the hole 
made. It should l>e placed about where the bob will drop and the 
grass should be tramj)ed down and the ground smoothed. The 
bob should then be lowered carefully until it almost touches the 
ground and allowed to come to rest. Then lower it until it reaches 
the ground when the pin should be stuck in the ground slantwise 
across the line exactly at the point of the bob. If less accuracy is 
j)ermissible, it may l)e sufficient to drop the ])in, ring end down 
and note where it strikes the ground, or a pebble may be dropped 
in the same way. In measuring uphill, the follower must hold the 
bob directly over the pin in the ground while he aligns the 
leader and sees that he sticks the pin while the bob is directly 
over the jK)iiit in the ground. It is much easier to measure down 
than up hill so that when close measurenuMits are re(|uired on 
8lo|)es, the measurement should, if possible, be made down hill. 
Even under the most favorable conditions measuring lines with a 
ta|)e is a most difficult o|x» ration for experts, and beginners cannot 
expect to attain efficiency except by constant practice and careful 
attention to every detail that will tend to eliminate error. For the 
method of chaining up and down hill, see Fig. ii. 

Let it be requiretl to find the distance A M, at which points 
two hubs have K^en established. Let A J] (' 1) E F, etc., lie the 
points of the successive chaining and // /> <w/, etc., the horizontal 
planes. Starting from' the point A; supjK>se the surfact* between 
A and B to be of no great difference in elevation, therefore, the full 
length of the chain can be used between tlies<* two jK)ints. The 
head chainman goes to the j)oint U, and holds the head end of the 
chain on the ground, while the n^ar chainman holds the zero end 
at A and with aid of the j)lumb-bob *»plumbs down," thus chain- 
ing the distance horizontal. This distance measuriHl, tin* head 
chainman establishes a peg in the ground and calls o\n the dis- 
tance '*One hundred" or station one, then goes to C which must 
be approximately low enough to allow the rear chainman to con- 
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viMjR'iitly ]>lumb down to I>. In this cast* tlu* slope of tin* hill is 
<»;ivatcr than tliat In^lwetMi A and I>, thus the inijuaotieahility of 
usinir the full lentrth of the chain is a|»|)arent. This distance, 
therefore, is taken at a fractional jiart of the chain, as hefon* stateil, 
called *'hreakinix the chain." The distances at such breaks should 
always^ be taken at an even number of feet whenever jio'ssible and 
at distances that are easily remembered, as UK *i<K '^*o, OO feet. etc. 
The leader in every instance calls out the distance of such ''breaks" 
and the rear chainman t^oes to the next peer and holtls olF the num- 
ber of feet previously called out. Kow as the distance A li is 100 
feet an<l the distance IM' W feet, tlu» head chainman at ('calls 
out *•! plus 40," nieanin<r 140 feet from A. lie next u;oes to D and 
the rear chainman calls out the distance measun»d »*! plus 40" and 
holds off 40 feet at /^ and plumbs down to ('. In this case the 
leader also [)lumbs down from '• to I). This method is continued 




FiK. X 

until M is reached, usiuir th(» system of 1, J2. 3, 4, etc., plus tlie 
fractional measured distance, instead of uning the whole nunilH-r. 
as 125, 22i), etc*. The rear chainman should gather the pins afti-r 
a new point has been established. As already stated the chainiutr 
can be checked by countincr the pins ])lcked up. Always allow 
the last ]>in to remain in the irroun*! until absolutely certain it is 
no lonj^er desircKl and can be of no further service. It is im- 
])ortant that tiie distances should btM'heekedby botUchainmeii as it 
may j>rev(»nt serious mistakes, and in soniecaaes pivvent r'echainiiio; 
tlu^ entire distance. Distances in places wheiv angles are tuki-n 
are sometimes checke*! in the otlice by Trigononn^try. 

A few hints in reirard to the use of the ta|)e may not coiue 
amiss. 

Always measun*to and from the same sidi' of a pin. 

Hold the en<l of the tape as near llu» irround as possible. 

Before stickinir thejiin, be sure there are no kinks in the tape 
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and that the tajK? is not deflected to one side by ^rass, sticks or 
Btones. 

Never straighten the tape with a jerk; raise it clear of the 
irround and straighten and stretch with a steady })ull and lower 
steadily into place. 

The tape man should never brace himself against a pin; he 
should assume a position of stable equilibrium, preferably with one 
hand u{X)n the ground. 

In passing over uneven ground, every reasonable effort should 
l»e made to hold the taj)e level. Too much time should not l)e 
spent in attempting to hold the end of the tape exactly ov(»r the 
]K)int in the ground when the difference of level of the ends of the 
ta[M3 is sufficient to neutralize what would otherwise l)e considered 
an accurate measurement. 

. In passing over rough ground the tape should be carrie<l free 
from the ground, thus saving it unnecessary wear. The length of 
the ta|)e is likely to vary from time to time, from changes in tem- 
perature, from constant stretching and from accident in the Held. 
For this reason the surveyor should compare freipiently the lengths 
of his tapes with that of a standard. The length of the standard 
tajK) may sometimes be conveniently laid off u|)on the floor of a 
building, or two monuments may be set in the ground, the proper 
distance l)etween them being measured either by a standardizi^Hl 
tajie or by means of wooden roils. Having found the error in the 
length of the tap^ the necessary corrections can then be made. If 
a line has beeift xnensured upon the ground, and it is afterwards 
found that th^ length of the ta})e is in error, the true length of 
tlie line may l>e found, from the following proportion: the true 
length of the tape is to the length of the standard tape, as tht» true 
length of the line is to the length of the line as measured. 

Suppose a linejM ineasurtnl, is found to 1ki r>2o feet in ItMigtb 
niid it is afterwards lEpund that the tape is t(K) long, ]>y six iiu-h»'s. 
Then we have: lO^JB : 100 :: ^ : 025 
from which :/' = true lengrth of line - - 028i ft*et. 

EXAMPLES FOR PRACTICE. 

1. A line as measured with a certain tajM* i^ oV) feet in 
length. It is afterward found that the ta|)e is ^\^ of .i fool too 
short. Determine the true lenirth of tiie line. Ans. »ji>l.2() feet. 
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2. A liiu* is known lo lu^ ^^40 fret in liMitrth. hut wlieii nieas- 
uriMl with acvrlain tiipe is found lo Ik* ^42A feet in lenirth. Deter- 
mine the true leii^h of the tape. 

Ans. 0<).7 feet. • 
;3. A certain iiekl was measured with a Gunter's chain and 
found to <*ontain (Ji^o acres. It was afterwards found that the chain 
was I foot too hini:. Determine the true area of the field. 

Ans. r>*^S.l;j acres. 
If an area has heen measured with a certain tape that is after- 
wards found to he in error, the corrected area may he found by the 
foHowinjjr pn)|>ortion: Tlie square of the true h'Ufrth of tlie ta|)e is 
to the square of the kMit^th of the standard tape as the true area is 
to the nn-asured area. 

Kxampk's will now be given illustrating the use of the chain 
or tap4\ in the field. 

1. 7'n ,rtrf ff jhrjhmllrnlnr at tttjJrtit pn'ntf ni it Huf. 
Let Al* Fig. 4 he the given line and C tlie ]K)int in the line at 

.which it is desired to i'rect a pt*rpeu- 
dicular. Since a triangle fornu^l of 
the sides ;^ t and o (or any multiple of 
these) will cojUain a right triangle, take 
parts of the chain or ta|)e representing 
these distances or multiph^s and have 

the angle included between the shorter 

sidea^at ('. Therefore, fasten one end 
of the^^tapo or chain at E. 30 links or 
feet from i) and the UOth link or foot 
at ('. Tlien with the 50- foot mark in one hand, walk aw;ajy from KC 
until l)oth of the segments I)K and IX' are taut. Stick a pin or 
stake at 1) and DC will be the |)er])endicular riMjuired. If the 
ptM'prndicular should be longer than can be laid out with tlie tape 
or chain, lav otit CD as describtnl and alii£n a "flair" from C to D 
produced. 

;2. T't htj^tfl n jh rpnuH^'alar tn n ffh:* ti lin* frinit *( ^/'i*f ft 
1*1,', lit tmts'nlt' titr I'lu,-. (a) When the point is accessible; 

Let AB Fig. i") be a given line and (' a point. From ( " as a 
center, with any convenient length of tape or chain as a radius, 
describe the arc DK, cutting the given line at points D and E. 
Stick pins at D and E and measure the distance. Bisect this dis- 
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tance at F; then CF will be the perjyendicular re(juired. [f the 
line AB is too far fi'om C to l)e reached with the chain or ta{)(\ it 
will l>e necessary to range out a line conveniently near to C which 
shall l>e panillel to AB. To do this erect at any convenient point 
on AM. as at N, Fi<r. fj, the perpendicular, and prolong it as far as 
necessary, as 11. At K, erect ItS perpendieuhir to UN. Tlien the 
|)erpendicular let fall from (' upon KS and prolonged to AB will 
be perpendicular to AB. 



c 

» D E- 

-^'^r p 7:^^ 



FiR. r>. 



Fig. 6. 



(b) When the j)oint is inaccessible: Let AB, Fig. 7, hv thr 
piven line and (' the inaccessible jjoint from which it is desired to 
droj) the perfx^ndicular to the 
line AB. At any convenient 
point F in AB erect the per- 
pendicular Fl) and extend Fl) 
to E, so that FE= Fl). Loc»ate 
the point B so that B, D and C 
will be in the same straight line. 
Sight from E to C and find the 
point II in which this visual line 
crosses AB. Next tind the ])oint 
( T at the intersections of 1 )1I and 
BE j»rolonged. Sight from ( i to 
C and thefK)int M in which this 
visual line crosses AB will be the 
point required and the distance 
MG wille«iual M(\ iMC will be 
the perpendicular to ABat M. 

3. Through <l (flvtti jHi'mt 1** run tf Inn flu if sh»iJI //.- 
pandlel to the (jiven Unr, The given j)oint and given line being 
accessible: Let C, Fig. 8, be the given point and Al> the given line. 
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From point C let fall C'D perpendicular to AB. At C erect CF 
perpendicular to CU; then EF will he the parallel required. 

4. To jy/'oJoNf/ ff llini h(nj(pn(l an ohHtarle, I-iet AB, Fig. 9, 
be the given line which is intercepted by a tree, house or other ob- 
stacle. It is required to locate the line V\) which will be in the 
direction of AB produced. At B erect BE j^erpendicular to AB 
of sufficient length to clear the obstacle and at E erect EF |)erpen- 
dicular to EB prolonging EF beyond the obstacle. At F and C 
erec»t perpendiculars to EF and CF making CF equal in length to 
BE, then CD will be the line re^juired and the distance from A to 
D will equal AB plus EF plus CD. 



# 



^ E F 

Pig. 8. -Pig. 9. 

5. When both (fids of a Vme are arctHSthl^^^ hittlfhe'luic 
cannot he ineaHumf d'nrrtli/y on acrovut of (dpsfaclcH. ^ 

At each end of the line erect jx^rpendiculars of e(jual length 
sufficient to clear the obstacles, and measure the length of the line 
between the extremities of these j)erpendiculars. 

H. W/ten both en/jf^ of a line are acre^sihle^ but neither can 
be Hi'enfroni the other ^ than pre oent'tnij direct aH(jninent. ' 

Such a case occurs when it is desired to run a line across a 
wootled field, the trees and un- 
derbrush preventing the align- 
ment of the intermediate sta- 
tions. Let AB Fig. 10 be the 
line whose length is desired. 
Fmm A run a line AB' (called 
a random line) in any conven- 
ient direction and continue it till the point B can be seen from B'. 
At B erect the j)er[)endicular BB' to AB and measure BB'. Then 
from the ri<;ht an^letl trianirle ABB' we will have 




Fig. 10. 



AB 



= ^AB' — 



BB' 
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The distance from A to any intermediate station as C can be 
found by measuring the length of the per{)endicular VC to AB. 
From similar triangles we hare 

AC :CC'::AB : BB' 
CC'XAB 



or 



AC = : 



BB' 



7. To locate points !n a line ovtr a hUl^ hoth ends of 
which- are visible from points near the summit. 




-"^^T^ & &^ ^'^^ 



Fig. 11. 

Set a ilacr at each of the points A and B Fi^. 11. Oih' man 
then goes to I), as closely in line with A and V> as can be esti- 
mated, lie then signals a man at C in line with A. V then 
signals D to D' in line w^ith 
B. I)' signals C to C in 
line with A and so on alter- 
nately until the points C" and 
D" are reached in line with 
A and B. 

If the points A and B can- 
not be seen from the top of 
the hill, run a random line 
over the hill as described in 
problem 6 and offset to the 
true line. 

8. To locate points in a line acro.ss a tclile^ deep valley^ 
the extremities of the line fninfj visibh fnun covlt other. 

Fix a point C, Fig. 12, on the edge of the slope in line with 
A and B. Then holding a plumb-line at (' and sighting across 




Fig. 12. 
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to B the interiiu'iliatt* ])()iiits D, E, E and C can be put into line. 

1. The Field Work of Measuring Areas. L*'t vft con- 
ifit/rr f/w trltfinjiihtr ji, Id AIU\ F'uj. 7.7. beginning at any 
con ven it'll t fonier as A, im^apiirc from A to I>, then from JJ to C, 
and tinally fiH>m C to tlie ])i)int of lu-ginning. Should a stream 
cut aeross the iield as shown, measurements should be made from 
the corners to the points where stream crosses the boundary lines. 

Should it lie found impossihle to measure the 
sidi'S of tho tieM directly, owing to zigzag 
fences or other obstacles, offset parallel lines 
as in the ligure and measure the length be- 
tween sueli parallels. 

The ai-ea of the ligure may l)e found from 
the following rule: Erom one-half the sum of 
the three sides, subtract each side separately. 
iMulti|»ly together the half sum and the three 
remainders and extnictthe S(]uareroot of the 
proiluct. This rule is explained in Art. \\)>i of P^lementary Alge- 
bra and [Mensuration. 

If the lengths of the si(U*s are given in chains, the area will 
be given in s(|iiare chains. If the lengths of the sides are in feet, 
the result will be in S(juare feet. 

2. 7'' .S///7V // */. fnt(r-s!t/f(I ptltl tnUh (he t^tpc 01* fhuin^ 
]\Icasnre annind the field in thcj same way as before, but in 
aildition, it will be necessary to measure a tie- 
line between two o])j)osite corners, thus dividing 
the fi nil re into two triano-K-s, the sum of whose 
areas will give the area of the entire iigure. 
Such a tie-line is ^hown in Kig. 14 by the dotted 
line I)l». if neither (jf the diatronals ])!> nor 
AC can be conveniently measured, measun^the 
short tie-line LS for instance, ami tln^ distances 
('Sand CL. Then in the triangle L( 'S the 
three sides a?-t* given, from which to tirid the 
angh" I CS. llaxiiiii: this angle, we can caleii- 
late llh' length \\\ \)\\ aiid tlnrefore the area of the two triaiurled 
composing the lii-ld. 

If it is not convenient to measure the tie-lines inside the field. 
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two adjacent sides as BA and DA can be prolonged to M and N 
forming the tie-line MN. It will usually be found more convenient 
to lay off CS equal to ( 'L, thus forming an isosceles triangle. 

3. To snnj^JU a iid -sided jithl with the tape or chain. In 
this case two diagonals as EB and BD, Fig. 15, or two tie-lines as 
*M and nut must be measured in addition to" the lengths of the 
sides. Whatever the number of sides, a sufficient number of 
diagonals or tie-lines should ])e measured to divide the area into 
triangles from which the area of the entire Held may be calculated. 

If N represents the number of sides of a field, there will be 
recjuired N-3 diagonals or tie-lines, form- 
in<j N-2 triantrles. 

To simj)lify calculations when tie-lines 
are used in place of the long diagonals, 
the following method may be adopted: 

Measure off Km any fractional por- 
tion of AE, and A?/ the same fractional 
j>ortion of AB and measure v////. Then 
///// will be to EB as A/y< is to AE or as \n 
is to AB. Suppose for example that Km 
is -j^y- of AE and Xn is ^^ of AB. There- pj^r. 15. 

fore EB is 10 times the length of /////. 

EXAMPLES FOR PRACTICE. 

1. Given the three si<ies of a field as 0.25, r>.50 and -l.'W) 
chains.* Find the area of the field in acres, and scjuare rods. 

Ans. 1 'M*VK\ ol.DS srjuare rods. 

2. Given CB=:3.05 chains, ('Dr^2.So chains, ( 'v -r(\ -_n.r>0 
chains and ('^=0.05 chains.* Calculate the ar«'a of the triangle 
BCD. Ans. T).! 4 .-tpiare chains area. 

Off«sets and Tie-lines. To find the area of a fit^ld which is 

iKJUnded in j>art by a stream, it is necessary t(» use oil-sets, a^ 

follows: Measure the sides of tliefieM in the usual manner and for 

the irregular^ boundary run a straight line, as KD. Fig. 1»), and 

rale ulate the area of the field included b(*tw(*en these hnundary lines. 

To this area nlu^t l)e added the area included betweiMi the line liU 

and the irregular boundary. 

♦Note: In all i»roblcni< involvinir thi> moasuromoiitof land, the chain 
referred to is tho Gunter\s chain of 66 feot, unless othorvvLso noted. 
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To find this area, at points along ED, erect perpendiculars to 
the irregular shore line at such distances that the lines 1' 2', 2' 3' 
etc., may be considered straight. The desired area will evidently 
equal the sum of the areas of the trapezoicl? thn3 formed. The 
distance from E to any point 1, 2 or 3 on ED is called the abscissa 
of that point and the perpendicular distances from ED to 1'2' 3' 
etc., are called the itnlhmteH of the point. 




Fig. 16. 

Instead of summing the tra])ezoid as above, the desired aroa 
iimv be found by the following rule: Multiply tlie difference 
l)i»t\veen each ordinate and the second succeeding one by the 
abscissa of the intervening ordinate. Multiply also the sum of the 
last two ordinates by the last abscissa; one-half of the algebraic 
sum of these several products will be the area re(|uired. 

To find the area of an inaccessible swamp, a lake or other 
area, run a series of straight lines entirely enclosing the given 
area, and since the diagonals cannot be measured, measure tie-lines 
eith(M- insiib* or outside of the area. As already stated, calculate 
the area included between the straight boundary lines and from 
this area substract the area included between ofT-sets let fall from 
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points upon these boundary lines. Reference to Fig. 17 will make 
the method of procedure plain. Surround the inaccessible area 
by straiirht lines, AB, BC, CD, etc., and calculate the enclosed 
area. At proper intervals along 
these straight lines, erect and 
measure j)er[)endiculars ex- 
tending to the edge of the inac- 
cessible area. Compute the area 
l)etween these perpendiculars 
by the rule on page 20 and for 
the required area, subtract it 
from the area previously found. 
Since the long diagonals are not 
accessible, measure the area by 
measuring the interior tie-lines ; 
remembering that the required 
numln^r of tie-lines will l)e less 
by '^ than the number of sides 
endosinij the area. 

Example. Given the dis- 
tances measured along the 
straight line AB(Fig. 1^) w^ith the corresponding off-sets measured 
to the broken line ACDE. It is recpiired to compute the area 
between A B and the broken line ACDE. 




Fig. 17. 




Fig. 18. 



Difference of 1st and 3rd ordinat«v 
" '' 2nd " 4th 
•• 3rd ** nth 
" .4th *' 0th 

" nth '' 7th 



= 0' .V)'--- .V)' etc. 

=40' ay-^H- iV 

-:{.->' 40' 5' 

IS' ViY 42' 



Sum of hist two ordinates MY+OiV - litY 
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Abscrissa of intermediate ordi nates between 1st and 3rd= 40* X — 55' =-2200 

" " " 2nd ** 4th= 90* X+ 5'= 450 

3rd " 5th=132'X+37'= 4884 

" " •* 4th " 6th=172'X — 5'=- 860 

5th " 7th =217' X— 42' =-9114 

" last ordinate ^ 2r>7'XlU0'=2(>7()0 

Onr-half the algebraic* siiin of the products as given al)ove 

will t^ivt* the iv<jiiiiv(l area. 

82();U- 12174 ,^^,^^ 
Area ;y — UUHi) square ^eet. 

EXAHPLE FOR PRACTICE. 

1. (TJveii the distanee« measured ah>n^ the straight line AB 
Viiv. A with th(» correspond jjif^ off-sets measured to the broken line 
A('I)KK1>, to find the area bt»tween AH and the broken line 
ACDKFl^. Cheek tlu* result by calculating the areas of the 
tra])ezoids and triangles of the tigure. Ans. 11,S75 square fei^t. 




Keeping the Field Notes. In kee]uug lield notes, clearness 
and fulhiess should \h' constantly kept in mind. As field noie^ 
often pass into the hands of a secon*! party, they should admit of 
l)Ut one interj)retation to a person at all acquainted with the nature 
of the work. Kxtra tinu» spent in the field in acquiring data M'ill 
avoid confusion and vexatious delays when tlie notes are workeil 
up in the olHce. Avoid the habit of keeping notes upon senips of 
|)a|M'r or in vesl-|:)ocket note ])ooks. Provide note books esjjeciallv 
a(laj)ted to tln^ kee|)ing of field records and nunilK»r and index tht*m 
so that tlie contents may bt' understotnl at a glance. RemenilHT 
that sketches nia<le upon the groun<l ai<i materially in interpreting 
lield notes that otherwise might be uninlelligil^le. 

There an* threi* j>rincij»al methods of kee|)ing field notes; first, 
by sketches alone; second, by notes alone; and third by full notes 
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850' 
750' 
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snpplementeil hy sketches. Tlie third metliod is without doubt 
the best, but examples of the others will be <^iven. P'or keeping 
the notes of the chain survey there should be provided what is 
known as a field book, a pencil (prefera])]y 411), rubber eraser and 
and a short rule for drawing straight lines. 

/77*.v/, 7yy iSkefrhes AIoih\ Either page of the note book may be 
used for sketching but it will be more convenient to use the right- 
hand |)age, as it is ruled into sipiares, thus permitting sketching to 
scale. Always sketch in 
the direction of the sur- 
vey, l)eginning at the 
bottom of the page and 
making the center line 
of the page correspond 
approximately with the 
North and South lines. 

Sf'cond, hy Notes 
Altn)i\ I^se the left- 
hand page of the note 
book beginning at the 
bottom as before. Do 
not crowd the notes, and 
if necessary use two or 
more pages. See Fig. 19. 

Fig. 19 shows the 
method of keeping the 
notes of the s u rve y 
shown in Fig. 20. 

Thinly hy Noten and SktdchtH. It is apparent that in this 
method both the tirst and second methods are embodied in tlie notes. 

THE VERNIER. 

The vernier is an auxiliary scale for measuring with greater 
precision the spaces into which the principal scale is divided. The 
smallest reading of the vernier, or the least count, is the di Here nco 
in length between one division on the main scale and one on the 
vernier. 

A vernier is said to be direct when the divisions on the 
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Fig. 19. 
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vernier are sriialler than those on the main scale Fig. 21 A; retro- 
grade, when the divisons on the vernier are greater than those on 
the main scale. See Fig. 2 IB. 

In Fig. 22 let MM 
represent a scale divided 
into tenths; then since 
ten spaces on the vernier 
W are e(iiial to nine 
spaces nj)on the scale, it 
is evident that eacli space 
upon V V is short by one- 
tenth of a s])ace of MM. 
The least count is there- 
fore, jVof-,\,or-pJ^,. 

The vernier and slow 
motion screw of the ver- 
tical arc of the engi- 
neer's transit areattach- 
t^d to the left hand 
standard of the instru- 
ment. 

Fig. 2H represents a 
vernier as applied to an 
engineer's transit. It 
will be noticed that the 
main scale is divided so 




Fig. 20. 
The vernier is so divided that 



as to reacbdirectly to 80 minutes 
29 spaces u|)()n the main scale equal 80 spaces upon the vernier, 
therefore the least count of the vernier is .^^^ of 80 minutes or 
1 minute. 



'iV i V i' i 'f f ll v/ i'i 'i' f fl 
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Fig. 21. 
It will be aj)parei\t, therefore, that the readings are taken 
in the direction of the increasing graduations of the main RC^Ie. 
Thus, for example, in Fig. 28, it will l>e noted that the zero tf, 
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has passed the 15Gth s|>ace on the iiiaiii scale, and is near the 80 
minute (half degree) division />, therefore the coinciding lines of 
the vernier and main sc^le must be between and 80', and we 
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Fi^. 22. 

find tht-ni, by lookini; aK)ncr the scale of the vernier, at 17 niinntes 
hence, the reading is loi> 00' + 17'^^ 150 17'. 




Fi«. -^'J. 

Fig. 24 represents another method of division of the circU^ of 
the transit. The vernier is double, and tlie figures on the vernier 
are inclined in the same direction as the figures on tht* scah* to 
which they belong. 

FiK. tZL 

It will be noticed that the main scale reads <linvtly to 20 
minutes and that the vernier is so divicK-d tliat 8i» s|khh«s upon the 
scale correspond to 40 spaces u|K)n the vernier. Tlu» h-ast count 
of the vernier is therefore ^\, of 20 minutes uv ^';; of 1 minute 
equals 30 seconds. 

To read the inside scale, it will be noticed the zero of tin* 
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vernier is beyond the 188*^ iimrk and about half way between the 
tirst and second 20' divisions. The reading so far is then 138° 20'. 
Now look along the vernier to the right until a line u|)on the ver- 
nier is found that seems to be a prolongation of a line upon the 
scale. This occurs at the division marked 10 upon the vernier 
so that the reading is 138^ 20' + 10' or 138^ 30'. 

For the outside scale, the zero of the vernier is beyond 
the 221° mark and about half way between the first and second 
20' divisions. The reading so far is therefore 221^ 20'. Now 
look along the vernier to the left as before, and the divisions coin- 
cide at the division marked 10 upon the vernier, so that the read- 
ing of the outside scale is 221 ^ 20' + 10' or 221" 30'. The sum 
of the readings of the two scales equals 3G0^ as it should. 

EXAMPLES FOR PRACTICE. 

1. Determine the least count of the vernier in Fig. A, 39 
spaces U])()n the scale, ]>eing equal to iO spaces upon the vernier. 

2. Determine the least count of the vernier in Fig. B, 51> 
spaces upon the scale being e(jual to 60 spaces upon the vernier. 
The figure represents what is called ^Afoldlmj vernier. To read it 
follow along the vernier in the usual way until the division marked 
10 is reached. If there are no corresponding lines, then go back 
to the other end of the vernier beginning with the other 10 mark 
and follow it back toward the center of the vernier. 

3. Determine the least count of the vernier of Fig. C, which 
represents the usual method of dividing the vertical circle of the 
transit. 

The Level Bubble is one of the most important attachments of 
an engineering instrument, and an instrument otherwise good may 
be rendered useless by imperfect level tubes. 

The spirit level is. a glass tube nearly filled with a mixture of 
ether and alcohol, the remaining space being occupiei^l with the 
va})or of ether. Alcohol alone has not proved satisfactory as it is 
too sluggish in its movements, thereby rendering an instrument 
lacking in sensitiveness. If the tu])e were perfectly cylindrical, 
the bubble would ()ccu])y the entire length of the tube, when hor- 
izontal, or when slightly inclined to the horizon, thus rendering it 
impossible to tell when the tube is in a truly horizontal position. 
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The tTibe is, therefore, ground on the inside so that a loncritudinal 
section is a segment of a circle. If the tube is not ground to an 
an even curvature the bui)ble will not travel the same distance for 
^very minute of arc to the extreme ends of the tube, and an other- 
wise j)erfect instrument will not work well. 




Fi^r. C. 

A line tangent to the circular Jirc at its highest point, as indi- 
cated by the middle of the bubble, or a lint^ jjarallel to this tangent, 
is calltHl the axis of the bubble tu]>e. This axis will be horizontal 
when the bubble is in the center of the tube. Slioiild the axis be 
slightly inclined to the horizontal, the bubble will move toward 
the higher end of the tube, and the movenu^itof the bubble should 
be proportional to the angle made by the axis with the horizontal. 
Therefore if the tube is graduated, being a portion of the circum- 
ference of a circle, with a radius so laro-e that the arc of a few sec- 
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ends is of an appreciable lentrth, it will be possible to determine 
the angle that the axis may make at any time with the horizontal, 
{)rovided the anf^ular value of one of the divisions of the tube is 
known. This is done by noting by how many divisions the center 
of the bubble has moved from the center of the tube. 

Since divisions of uniform length will cover arcs of less angu- 
lar value as the radius of the tube increases, and since a bubble 
with a given bubble S|)ace will become more elongated as the radius 
is increased, the sensitiv^eness of the bubble is proportional to the 
radius of curvature of the tube and the length of the bubble. The 
length of the bubble, however, will change with changes in teni- 
jKTature, becoming longer in cold weather and shorter in warm 
weather. This is due to the fact that the liquid in the tube expands 
and contracts more rapidly than the glass. If the bubble contracts 
excessively, the sensitiveness is thereby impaired, and it should 
be ])0ssil)le to regulate the amount of liquid in the tube. Tliis is 
done by means of a partition at one end, having a small hole in it 
at the bottom. A bubble should come to rest (juickly, but should 
res[)()nd easily and quickly to the slightest change of inclination 
of the tube. 

To determine the radius of curvature of the tube, proceed as 
follows: Let 8 - length of the arc over which the bubble moves 
for an inclination of 1 second. Let K = its radius of curvature. 
Then S: 27rli:: 1" : 360°. 

From which It- - 2()()2()5 /S Or = S = ^.-^TTTTr 

200205 

S may be found by trial, tlu^ level being attached to a finely divided 
circle. Or, brinjr the bubble to the center and sitrht to a divided 
rod; raise or lower one end of the level and again sight upon the 
rod. ('all the difference of the readings /^ the distance of the rod 
f/, and the s[)ace which the bubble moved S. Then from approx- 
imately similar triangles 

'- — 

EXAMPLE FOR PRACTICE. 

1. At 100 feet distant, the difference of readings was 0.02 
foot, and the bubble moved 0.01 foot. AVhat is the radius of the 
bubble tube ? Ans. 50 feet. 
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Locke's Hand Level. This instrument consists of a brass tube 
BIX inches long with a small level mounted on its top at one side 
of the center near the object end. See Fig. 25. Underneath the 
level is an aperture across which is stretched a horizontal wire 
attached to a frame. This frame is made adjustable by a screw 
and a spring working against each other, or by two opposing 
screws placed at the ends of the level mounting. In the tube, 
directly l>elow the level, and at 45"* to the line of sight, is placed 
a totally reflecting prism acting as a mirror. The images of the 
bubble and wire are thus reflected to the eye. The prism divides 




Fig. 25. 

the section of the tube into two halves, in one of which is seen 
the bubble and wire focussed sharply by a convex lens placed in 
the draw tube at the eye end of the instrument, while the other 
permits of an open view. Putting the instrument to the eye and 
raising and lowering the object end until the bubble is bisected by 
the horizontal wire, natural objects in the tield of view can be seen 
through the open half at the same time, and approximate levels 
can then be taken. To prevent dust and dampness from entering 
the main tube, both the object and the eye ends are closed with 
plain glass. 

There are two adjustments necessary in this instrument: First, 
the bubble tube: it should be so adjusted that the bubl)le will l)e in 
the center of the tube when the instrument is horizontal. Second, 
the horizontal wire; it should bisect the bul)ble when the latter is 
in the center of the tube. The methods of executing these adjust- 
ments are so apparent it will be unnecessary to dwell u])on them 
here. 

The instrument is intended to be carried in the pocket and is 
of especial value upon reconnaissance surveys, and for sketching in 
topography upon preliminary surveys. 

For topographical purf)oses, the topographer should provide 
a rod about eight feet long, divided into foot lengths, the divisions 
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painted alternately red and white. Upon this rod, the topographer 
should mark by a notch or other means, the height of his eyealx)ve 
the ground. Standing then upon a station of the line of survey, 
the topographer directs his assistant to carry the rod out upon 
either side of the line and in a direction at right angles thereto, 
un*^il a ])oint having the proper elevation above or below the center 
line is found as determined by the topographer holding the instru- 
ment in a horizontal position at the eye. The to|)ographer then 
paces the distance, while the assistant carries the rod to the next 
point. It is evident that if the line of sight from the instrument 
coincides with the mark upon the rod, the two points upon the 
ground are at the same level. If the line of sight strikes the rod, 
say one foot below the mark upon the rod, it is evident that the 
ground where the rod is held is one foot higher than where the 
instrument is held. These operations can be rej)eated indefinitely 
and made to extend as far as necessary upon either side of the line. 
The points of proper and equal elevation are then connected form- 
ing contour lines, but the topographer should fill in details by the 
eye. The methods of keeping the field notes will be illustrated 
and described later. 

Let BCXDEFG and H, Fig. 20, represent the successive rod 
readings on the right of the center line A, and B' C D' E' F' G' the 
readings on the left. Now suppose the leveler stands with a Locke- 
level at zero and the rod is held vertically at B. The line of sight 
ab bisects the rod at 8.6 feet. The distance from the ground to the 
observer's eye is 5.5 feet. Thus it is apj)arent the elevation at B 
will be 3.1 feet lower than at A. The observer now paces the dis- 
tanco between A and B, and finds it to be 50 feet. The reading is 
now taken at i) on the line of sight rd which reads 6.2 feet, hence 
the elevation of C is .7 foot lower than B, and the distance be- 
tween 20 feet. Suppose an attempt is made to take a reading near 
D. Since the horizontal plane from the observer's eye to the 
ground does not strike the rod, it is ap])arent that' the rod is too 
faraway, therefore it should be moved back to a point X where the 
horizontal plane (f will bisect the rod at some division. The ele- 
vation of X having been ascertained, pace the distance OX, as in 
the former cases. This method is continued until U is reached, 
taking the rod readings at g /*, ijy k /, m //, and 8 tj and pacing 
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the distauce between each. The same 
method is used on the left-hand side of 
the center line. However, where the 
surface of the ground has an abrupt 
change between stations, it is customary 
to take cross sections at such changes and 
ascertain the distances between the sta- 
tions by pacing; the center line at such 
points is accepted as zero ; in the same 
manner perform the operation as if at 
a station. Where a cross road inter- 
sects the center line or any portion of the 
cross section, take readings at places that 
show an abrupt change, as the top of a 
bank, side of the road, or gutter, center 
of the road and on the other side in the 
same way and place as before. This rule 
holds good in places where small streams 
are situated. It is not necessary to iind 
the depth of the water, because the pur- 
pose of the cross section deals solely with 
the surface. Where obstacles prevent the 
section being run at right angles to the 
center line, use the method of off-sets and 
secure the desired elevation as closely ap- 
proximate as circumstances will permit. 

The Abney Hand- Level and Clino- 
meter. This instrument is similar to the 
Locke hand-level, see Fig. 27, but the 
small spirit level mounted on top can be 
moved in the vertical plane an^ is clamped 
to a dial graduated upon one side into 
single degrees and upon the other into 
slope ratios, so that it is possible to meas- 
ure angles of slope. 

The adjustments of the instrument are 
the same as for the Locke hand-level. 

The instrument can be used in the field 
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in till' same inaiiiu'ras tht* LtK'ki' band-level, but is of more aniversal 
application. It is of especial value ujion Kteej) bIojhjs wben theeffi- 
cienev of tbe Loekt* level would lu» limited bv tbe lentjth of rod. 
In usincr the Abney instrument it is only necessary to mark the 
bei^^bt of tbe eyes upon tbe rod. In sij^bting upon the rod, with 
tbe horizontal line coincidin*^ with the mark upon tbe rod, move the 
vertical circle until the bubble is in tbe center of the tube. Sead 
tbe vertical anjrh', and the tanjjent of this anj^le multiplied by the 
horizontal <listance to the rod will give tbe dilTerence of elevation. 
If the distance to the rod is measured along tbe slope of the 
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ground, mult i ply tliis distance by the sine of the vertical angle to 
m'l tlu' dillVrcnce of i*!cvalion. 

The most satisfa<'t(M*y UKMbod (►f using this instrument is in 
conncclitm ^^ith a straiiiht edtje from ^ to 10 feet in lentxlb. The 
slraitilit i'do;e is l:iid upon the gi'ouiid paraih*! to tbe direction of 
slope and the cliiiomclrr is ihm applied to it. the vertical circle 
being turned till the bubble is in tlie center. The angle of Klo])e 
is then read, or bett»*r still, the >l(»|»e ratio i> ri*a<l from tbe vertical 
circl(\ This opeivition is repealt'd at every change of slof)e, the 
distanci'S being either |»ae«Ml ^ir nieasnretl \\iih a tape. For in- 
stanct* suppfise the slope is found to Im* r»() frrt in length and the 
slopi* ratio as given by the clinonnter is ^\^, It is evident then 
that at tbe end of the slo[)e tbe dill'erence in elevation will be 6 
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feet. The instrument is sometimes fitted 
with a small compass and a socket for use 
upon a tripod or Jacob staff. 

The Leveling Rod is an important part of 
the leveling outfit; it is used in nieasuring 
the vertical distance between the horizontal 
plane through the line of sight and the point 
upon which the rod is held. There are three 
forms in common use known as the New 
York, Philadelphia and Boston. They are 
made of hard wood ()A feet long, sliding out 
to 12 feet and provided with target, vernier 
and clamps. 

Leveling rods are of two kinds, the target 
and the self- reading. Of the target rods, 
the New York and Boston are generally used 
for precise work. Of the self- reading rods, 
the Philadelphia shown in Fig. 2S is in more 
common use. The self-reading rods are used 
only in connection with that class of work 
where approximate accuracy only is required; 
this form is generally read to hundredths of a 
foot and can be read directly from the instru- 
ment by the observer without tlu* aid of the tar- 
get, as is suggested by the name. However, 
with the aid of the target this rod can be read 
to thousandths of a foot approximatt^ly. The 
target is used when greater accuracy is re- 
(juired and when the rod is so far from tht^ 
instrument that it cannot be distinctly read. 
The ro(^l consists of a graduated scale di- 
vided into feet, tenths and hundredths of a 
foot, and when jiroperly made, readings to 
thousandths of a foot can be easily taken. 
The nuinl^ers making the tenths should be 
O.CHIfoot long and so placed that one-half the 
length is above and one-half below the line. The numbers marking 
the feet are 0.10 foot long and each is bisected by the foot mark. 
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This class of rod is painted white, the foot graduations are red and 
the tenths and hundredths are black horizontal lines. 

No attempt will be made to describe the reading of the vernier 
of either the New York or Boston rod, 
but the rhiladelj)hiarod is so divided as 
to make its reading easily understood. 
With this rod each side of the black 
horizontal line indicates lOOths, that is, 
the lower side of the first black space 
is called "one," and the upper side of 
the same space is called "two," the 
lower side of the third space is called 
"three" and sq on until the tenth is 
read. 

The reading is taken without the aid 
of the target, in feet, tenths and hun- 
dredths as the case may be. The mov- 
able target has a vernier which reads 
to thousandths of a foot and is read 
from zero to ten. To read this rod, 
move the target to any convenient place 
on the scale of the rod and note where 
the vernier at zero coincides with a black 
horizontal line ; then note where a line 
of the vernier coincides with a line of 
the scale. For example, if the zero of 
the vernier is just above one foot, four- 
tenths and live hundredths, as shown 
in V\ir, 2\), and a line of the crraduation 
of the vernier coincides at 7 with a liori- 

zontal black line on the rod, the reading will be 1.457 as is shown 
in V'uK 21). If readiiicr to the nearest lOOth, the reading will be 
1A(k This is because the 7 naturally brings the zero .002 above 
the line of graduation on the rod, therefore, the zero of the vernier 
is .002 nearer the than the 5, hence, the reading is as above. 
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Fig. 29. 



Sh(mld the vernier read .0()2 instead of .007 the reading would be 
1.45. It is apparent that .002 now brings the zero of the vernier 
below the line, hence it will be nearer to the 5 than the 0, thus the 
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rod reading is 1.45. Therefore, in all readings with the Phila- 
delphia rixi, read the thousandths to the nearest half liundredth. 
Tliis is true whether or not the lines coincide. 

These readings apply only to the face of the rod or to OA feet. 
When the rod is extended to 12 feet, or any fractional part thereof, 
the reading is a little different, both as to its graduation and 
vernier. The scale, of course, is the same on the face of the rod 
when extended, except as to the vernier, which is placed on the 
l>ack at 6 J feet and the scale 
of graduation on the ex- 
tended part of the rod is also 
on the back of the extension 
which runs through the ver- 
nier, as shown in Fig. 80. 
The scale of hundredths is the 
only part to be particularly 
observed, together with the 
vernier in the former. 

For example, the first 
horizontal black space equals 
**one," which is the top line 
of the foot mark. The lower 
side of the first black space is 
"two," and the up])er side of 
the same space is "three'' hundredths, and so on until Uk* Iciitli 
18 reached. The tenth and feet are placed the same as on the f:;c-e 
of the rod. The vernier, as already stated, is a little different in 
point of reading and is graduated from ten to zero, instead of zc lo 
to ten, as on the movable target. However, with some recvntly- 
niade rods of this type, the scale and vernier reading is tlie same 
throughout. See Fig. 31. The graduation at ten is taken as the 
zero in determining thousandths. The vernier in question is tirmly 
attached to the upper end of the rod OA feet, (and the extension of 
the rod runs through this vernier). The differences in graduation 
of the two sides should ])e carefully noted. The rod has two 
clamp screws, one attached to the movable target and the other 
near the vernier on the back of the rod. In runnin(r the rod, it 
is customary, where a target or rod reading exceeding (>i feet is 
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desired, to set the target at GA feet and run the rod to its full length, 
then move down as signalled; where no target reading is required, 
run the rod to its full extent (1 2 feet) and as the face of the rod has 
a scale throughout, the reading can be taken from the instrument. 

Should the instrument not he near 
enough to enable the leveler to see 
the rod distinctly without the aid of 
the target, he should first read the 
rod through the telescope of the in- 
strument and then notify the rod- 
man ^t what distance the intersection 
of the cross-hairs in the instrument 
approximately bisects the rod, such 
as 3.21, which means three feet, two 
tenths and one hundredth. The rod- 
man then sets his rod to read this 
distance and another sight is taken, 
being careful to have the rod plumb. 
Should the intersection of the target 
fail to coincide with the cross-hairs 
in the instrument, the leveler then 
signals, or calls out if sufficiently near 
to do 80, the true rod reading, as up 
a tenth, down two hundredths, as the 
case may be, and the target is placed at this distance. 




Fig. 32. 



When pre- 
cision is recjuired, this method is relied upon only for the approx- 
imate placing of the target; the method used in this case is to 
slowly move the target by standing behind -the rod and holding 
it between the thumb and iincrers of one hand, while the tarcret is 
moved with the other. Then the target is slowly moved by the 
signals of the observer. 

Wlien a slow motion with the hand above the shoulder- or 
below the hip is made by the observer, it means that the rod 
is to be moved in that direction a fractional part, as one tenth, 
but when a quick motion is made and the hand drawn back in 
the same manner it implies that the target is to be moved just a 
trifle. In this way and by proper attention to the signals of the 
observer, the rodman can become an efficient and helpful assiitanty 
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thereby saving much time. ^Vhen the target is finally eet, the 
rodman reads the rod and calls out the reading to the observer, 
when within reasonable distance. The target rods are read en- 
tirely by the rodman, and the readings are kept by him in a note 
book for that purpose; these notes should be given to the observer 
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at every opportunity and results checked. To obtain correct re- 
suits when leveling, it is absolutely essential that the rod bo ver- 
tical and the rodman should remember to hold the rod in this 
poeition. 
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The observer or leveler, by means of the vertical wire upon 
the target of an ordinary level! ng rod, can tell wliether or not a 
rod is vertical and in a position at right angles to the line of sight, 
but lie is not able to determine whether the top of the rod is in- 
clined towards the instrument or in the opposite direction; because 
when looking through the telescope of a level he can see only a 
fractional part of the rod. Therefore the necessity of overcoming 
this difficulty led to the invention of the bent target which obviates 
this latter trouble as can readily be seen from Fig. 32. The 
American target fulfills the same requirements, but differs from the 
ordinary target iu having two discs, one behind the other, as in 
Fig. 33. The principle of construction of this target is ex- 
tremely simple, and may be best explained in the figures above 
Suppose a target of the old kind, which in its front view looks 
exactly like the front view of the new target in A, to be cut 
along the vertical lines aa^ W, thus dividing it into three parts; 
that is, one center-piece and two wings. Suppose furthermore, 
the centerpiece to remain in its former place at the front of the 
rod, while the two wings are removed to the rear of the rod. Then 
the result evidently will be that the horizontal line v(\ d<l^ will 
appear as one unbroken line to the observer, only when the rod is 
held perfectly vertical. No deviation either towards the instru- 
ment, or away from it will cause the two ])arts co and dil of the 
horizontal line situated at the rear of the rod in the wings of the 
target to show either above or below that part aJ of the horizontal 
line which is situated in the front of the rod in the centerpiece of 
the target. 

Whether using the bent target, the ordinary target or no 
target at all, it is a])j>arent that the rodman should hold the rod in 
a vertical position, known as plumb. This can be done by stand- 
ing directly behind the rod with both feet together or apart, as the 
rays of the sun may require, governing shadows, and holding the 
rod between the thumb and fintrer of one hand while movincr the 
target with the other. After the target is set, l)oth hands are 
brought in line with the shoulders, and standing erect, the hantl 
should touch the rod very lightly, so that it will almost stand in a 
vertical position by itself; or when standing in that position if the 
center of the rod or the corner is made to coincide perpendicularly 
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with the nose and chin, it will be plunil). The rodnian should 
never put his hands around the rod. 

Another way is to sight along the line of some building 
apparently in line. There are, of course, many different methods 
of signalling, but the ones mentioned are frequently used. 

When the rod is to be read without the aid of a target or with 
the ordinary target, it frequently hap[)ens that the rod is not ver- 
tical and the signal used for bringing it in its proper vertical 
plane is the raising of either the right or left hand in a vertical 
jK)sition, which indicates that the rod should be inclined in that 
direction. In so doing move the rod slowly until the hand is low- 
ered. After the target has been set in its pro[)er position, clamp it 
by the screw on its side, then give another sight and note the sig- 
nals of the observer. 

If the target is to be moved, the observer should hold the palm 
of one hand in the direction the target is to be moved. The observ^er 
should use but one hand in signalling the rod; if the target is to 
1)0 lowered, he should hold his hand below his hip, [)alm down. 
To raise the target he should hold his hands above his shoulder, 
j)alm up. Any considerable change in the position of the target 
is denoted by a more or less violent motion of the hand. If a very 
slight change is desired, the observer should. hold his hand in the 
pro|)er jx)sition without moving it up or down. When the proper 
]X)sition of the target has been obtained, the observer indicates the 
fact by raising both arms above the head and moving them in the 
arc of a circle to indicate that the rod reading at that particular 
place is complete. 

New York Rod. This rod resembles the Philadelphia rod as 
to its use and dimensions, but differs as to scale and vernier read- 
ing. Tlie scale is divided into feet, tenths and hundredths, the 
same as the Philadelphia rod, except the graduations of the hun- 
dredths, which instead of having the sides of one black space each 
eijuivalenttoO.Ol foot, as on the Philadelphia rod, the hundredths 
are distinct by themselves, therefore, each line betwtvn the tenth 
is .01 part of the scale. Fig. 31: shows the rod at its full length, 
and Fig. 35 shows a sectional ])art thereof with its movable target 
set at 6^ feet and the black horizontal lines each indicate .01 as 
more fully explained hereafter. Fig. Hi) shows the side with its 
graduations, as on the face of the rod and is set at G^ feet. 
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The rod lias a movable target which carries a vernier, am 
allows readings to thousandths. It cannot, however, be read with 
out the aid of the target and is used for the most part 
where precision is required; it probably commends its 
self to a greater number of engineers, because of it 
stiffness and wearing qualities. For elevations up U 
Oi feet, the target is used in the same manner as thi 
former rod by sliding it up or down upon the rod 
Above (ii feet, as with all the rods, the target is clam|XH^ 
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Fig. 34. Fig. 35. Fig. 36. 

at the OA-foot division. The back of the rod slides uj)on the fron 
half and when so extended the vernier is on each of the narrov 
sides, impressed in the wood (See Fig. 36). It should be notei 
that while the vernier on the Philadelphia rod ie situated on thi 
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back when extended, with the New York rod it is on its narrow 
sides. The vernier in question is somewhat different from the 
one found on the Philadelphia rod, since it is provided witli a 
direct vernier, while the other is provided with an indirect vernier. 
The former, as has been explained, is usually placed below the 
center of the target, that is, the zero is placed below the in- 
tersection of the horizontal and vertical lines of the target. 
In almost every case this causes confusion because the rodnian 
has been taught, by reason of using a Philadel[)hia target rod, 
to read the scale at the zero of the vernier to th^> fractional 
parts of a foot by looking along the vernier for the coincid- 
ing lines. There need be very little confusion in reading the New 
York rod, if it is remembered that the center of the tarwt is set 
by the leveler and not the zero of the vernier as on the Philadel- 
phia rod. Careful observation of the vernier will show that the 
zero of the vernier is placed at the intersection of the horizontal 
and vertical lines of the target. The method of using the clamps, 
setting the target, etc., is the same as that of the Philadelphia rod. 
The Boston Rod is made of mahogany, is of the same length 
and slides out as the rods just described. It is distinctly a target 
rod and cannot be read without its aid. The scale and vornier, how- 
ever, are on the narrow sides and can be read to thousandths or 
any fractional part of a foot. The target is fixed upon onehalf of 
the rod for elevations less than OA feet. The target end is liekl upon 
the ground and the front of the rod slides upon the back, as sliown 
in Fi^r. 3^- Above 6i feet the rod is inverted as shown in VUr. 
3S, and is then used in much the same way as the Ni^w.York rod. 
Tlie figures above referred to show the sides of the rod with its scale 
upon it. The screws at each end act as clamps. In the old style of 
Ifeston rod a wooden target was screwed to the rod with the result 
that the target would warp and twist or be knocked olf, thus render- 
incr the rod useless. The best tvpe of Poston rod is fitted with a 
l)ent metal target. This form is very serviceable and satisfactory. 
It will be apparent from the foregoing description that the rkI is 
read altogether by vernier, the scales and vernier luring on the 
side. It is the lightest and neatest rod of the three l>ut the least 
used. 

Cross-Section Rod, This is a rod 10 feet in length, painted 
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white, with black graduations; it is divided into feet, tenths and 
hundredths, (See Fig. 30). The scale is on both sides. At each 
end is a spirit level bubble with graduations on the uj)|x?r side of 
the tube to bring the rod in a horizontal plane. In the center of 
the rod is an opening for the hand, and thereby it can be easily 

taken from place to place. 
The purpose of this rod is to 
simplify the lengthy calculations 
in taking cross sections; this 

Dwill be more fully explained 
under its respective head. 
In Fig.. 39 A and B are the 
bubbles. It is apj)arent that if 
one end of the rod is placed on 
the side of a hill and the other 
raised in a vertical position until 
the bubble apj)ears in the center 
of the tube, the base of the rod 
will be in a horizontal plane. 

Ranging Poles. Fig. 40 
shows the three forms of rantr. 
ing poles (called flags) in com- 
mon use, all of which are from 
6 to 10 feet in length, made of 
hardwood, octagonal in shape; 
they are tapered from the top 
down and each foot painted al- 
ternately red and whit^, and pro- 
^g-^"^- Fig. 38. vided with steel shoes, except 

the smallest one, which consists of an iron tubular rod ^-inches in 
diameter and used for the most part on construction work. These 
flags are for the purpose of establishing points or retaining a given 
line indeflnitely; it is an important tool of the surveyor's outfit. 
To use this flag, it is placed approximately at some reasonable 
distance from the instrument and then by the signals of the 
observer is moved until the line of siMit throutrli the instrument 
bisects it. It should ])e held in a vertical position and governeil 
by the same methods used in placing a leveling rod in a vertical 
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position. It is also a convenient device for measuring, appiox- 
iniately, distances not exceeding six feet, but where any great 
amount of accuracy is desired, the method should not be relied 
upon. It is an advantage, however, to use the flag as a check, 



Fig. 39. 
when it may appear that some discrepancy has occurred. 

INSTRUMENTS. 
The Wye Level. There are three kinds of leveling instru- 
ments in common use, viz: The Wye level with four leveling 
screws, the Wye level with three leveling screws and 
P Q ft the Dumpy level. The Wye level derives its name 
from the vertical forked arms, called Wyes, in which 
the telescope rests. It is clamped to them by collars 
which may be raised allowing the telescope to be 
turned on its horizontal axis or lifted out entirely. 
It is also referred to as the four-screw level. Like 
other levels it is used for the purpose of ascertaining 
a horizontal line of sight parallel to a spirit level 
and perpendicular to the verticiil axis. The line of 
sight is fixed in the telescope by the intersection of 
cross-hairs. A spirit level is attached to the under 
side of the telescope and is protected except on top 
by a metal tube. In the barrel of the telescope slidt* 
tv/o tubes, in one of which is an eyt^-piece; in the 
other is the objective. 

The eye-piece usually found with tlie four-scrt'w 
leveling instrument is of the erecting type. Tlic in- 
verting eye-piece as distinguished from the erect iiiir 
eye-piece has two lenses instead of four. The result 
is that the inverting eye-piece permits more light to 
reach the eye of the observer, and is therefore better 
\ adapted to precise leveling. At first some ineonven- 
Fig. 40. ience is experienci»d by the fact that all objects are 
upside down, but a little experience will soon ecni- 
vince the observer that all the advantacres whether for a four- 
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screw instruinetit or a tlireie-serew iuatmment, Im with the 
inrertinit eje-pkTe. TvViirly all uiakers t/iwa jmrclinfier his choict^ 
of tlie style of eyt**|}it?t?b without extra thargL% In pun hasing an 




iiietnimeiit it should be notifiHl wbetlier tlu^ eye-piece is adjotted 
by a straight pull or by a spual miititni, lieciiuse thL? spiral motioo 
is usually considered more eatisfactorj^ 
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Au inexperienced observer U|)on looking through the level 
&nd finding no cross-hairs may suspect tliat the cross-hairs are 
broken. It must not be forgotten that the eye- 
piec*e must be focused before the cross-hairs will 
come into the range of vision. Having once 
focused the eye-piece upon the cross -liairs, the 
adjustment will stand for a long time if the eye- 
piece is undisturbed. 

The object glass is mov^ed in and out by means 

of a })inion which works on a rack attached to a 

sliding tube and moves in the axis of the barrel, 

passing through the run which is inclined in 

the barrel. The instrument is provided with a 

clamp, slow motion and leveling screws and 

^ mounted on a tripod. The two former screws 

^^A are situated directly under the horizontal bar 

p and revolve with the telescope. 

The Line of CoUimation of a level is the line 
g joining the optical center of the object-glass 
oo and the intersection of the cross -hairs, and since 
^ this line determines the point towards which the 
H telescope is directed, it should coincide with the 
QQ optical axis of the telescope. The eye-piece 
c4 and object-glass must be accurately centered. 
^ Instrumental Parallax is an important con- 
S dition of focusing due to the fact that the image 
\ jL-jT, does not fall in the plane of the cross-hairs, 
pi ffff To determine this, direct the telescope upon an 

object and focus the eye-piece so that tho cross- 
hairs are perfectly distinct. Then turn the tele- 
sco[)e upon the object which is to be observed, 
and focus the object glass until the image is 
clearly defined. Move the eye from side to side 
and note whether there is any apparent move- 
ment of the cross-hairs and image. If any is 
seen, tlie two oi)erations are to be repeated antil 
all panilhix is removed. 
Tliis adjustment depends u[)()n the eye of the observer and 
when made for one jHJrson may not be correct for another. 
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Spherical Aberration. This defect is caused by combining 
lenses of different curvatures so that objects on the side of a 
field of view are seen less distinctly than those in the center. To 
test the object glass for this defect cover the outer edge with an 
annular ring of paper and focus upon some desired object. Theii 
remove the ring and cover the central spot of the glats; if no 
change of focus is needed the glass has no spherical aberration. 

To test the eye-piece, sight to a heavy black line drawn on 
white paper and held near the side of the field of view. If it ap- 
pears perfectly straight the eye-glass is a good one. 

Chromatic Aberration is a defect caused by combining 
lenses of different and improper varieties of glass so that the yel- 
low or purple colors appear on the edge of the field. To test the 
telescojye for this defect focus it upon a bright distant 8j)ot and 
slowly move the object glass out and in. If no colors are observ. 
ed around the edge of the field of view the telesco|)e is free from 
this defect. 

Adjustments. The adjustments of the Wye-level are three 
ii) number and should be made in the followincr order: 

1. To make the line of collimation parallel to the bottoms 
of the collars. 

2. To make the axis of the bubble tube parallel to the line 
of collimation. 

3. To make the axis of the bubble tube perprnilicular to the 
Vertical axis of the instrument. 

To make the test for the first adjustment set up the instru- 
ment firmly upon solid ground, shaded from sun and wind. Di- 
rect the telescope towards the side of a building, a fence or other 
convenient object and carefully center the intersection of the 
cross-hairs upon a well-defined point, such as the head of a tack. 
Clamp the vertical axis and loosen the telescope cli[)s. Now 
slowly revolve the telescope in the wyes and note if the intersec- 
tion of the cross-hairs continues to cover the point. If so, the 
line of collimation is in adjustment. 

If the intersection of the cross-hairs moves off the point, n*- 
volve the telescope in the wyes as nearly as possible through ISO 
degrees and carefully center a ])()int at the intersection of tho 
cross-hairs in this last position. Bisect the distance between the 
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two points and establish a third point: by means of the screws at- 
tached to the cross -hair diaphragm, move the diaphragin so that the 
intersection of the cross-hairs covers the third point. Now re- 
peat the test and correct the position of the cross -hair diaphragm 
until the intersection of the cross-hairs covers one point as the 
telescope is revolved in the wyes. 

The horizontal cross -hair should at all points be at the same 
distance from the bottoms of the collars. To test this, carefully 
center one extremity of the hair upon a point, and by means of 
the tangent screw, slowly revolve the telescope upon the vertical 
axis, and if the hair covers the point from end to end, the adjust- 
ment is complete. If it does not, the hair is to be adjusted by 
the same screws as before. Making this adjustment will probably 
disturb the former one, and the two are to be repeated in succes- 
sion until satisfactory. 

It will be noticed that to make this adjustment, it is not nec- 
essary to level the instrument. 

Adjustment of the Axis of the Bubble-tube. To test this 
adjustment, first throw back the clips holding the telescope in the 
wyes, and then revolve the telescope upon the vertical axis 
to bring it directly over a pair [of leveling screws and clamp the 
axis firmly. By means of these leveling screws bring the bubble 
to the center of the tube as accurately as possible. Now without 
disturbing the instrument, carefully lift the telescope out of the 
wyes and turn it end for end, being careful when replaceil in the 
wyes that the telescope comes to its seat at each end. If ^he bub- 
ble in this new position of the telescope comes to rest at the cen- 
ter of the tul)e, the axis of the tube is in adjustment. 

If the bubble does not return to the center, bring it one-half 
way back to the center by means of the vertical screws at one end 
of the bubble-tube, and the remainder of the way by the two lev- 
eling screws. Now repeat the test and correction as often as nee- 
essary until the bubble remains in the center of the tube. 

Having adjusted the bubble-tube over one pair of screws, 
test it over lie other pair. 

When the horizontal hair is truly horizontal, the line of coUi- 
mation and the axis of the bubble-tube should be in the same 
vertical plane. To test this, after the previous adjustment has 
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been completed, loosen the clips of the wyes and bring the bubble 
carefully to the center of the tube. Now slowly revolve the tele- 
3(iop.^ in the wyes and note if the bubble still remains in the cen- 
ter of the tube. If it does, the line of colliination and thy axis of 
the tnbe are in the same plane. If the bubble runs to one end of 
the Lube, bring it back by the horizontal screws attached to one 
end of the tube. 

It must be borne in mind that the first and second adjust- 
ments must be carefully made and that they are absolutely essen- 
tial if satisfactory results are to be attained with the instrument. 
Adjustment of the Vertical Axis. This adjustment is not 
absolutely essential, provided that every time a reading is taken 
the bubble is brought to the center of the tube by means of the 
parallel j)late screws. . However, the adjustment will expedite 
field work and should always be made. 

To test, level the instrument carefully over both ])airs of 
screws; if the bubble remains in the center of the tube as the telo- 
sco[)e is revolved on the vertical axis all the way round, the ad- 
justment is complete. If the bubble runs to one end as the tele- 
scope is thus revolved, the vertical axis is out of adjustment aneC 
may be connected as follows. Bring the telescope directly over a 
pair of opposite plate screws, and by means of these screws brinp 
the bubble accurately to the center of the tube. Now revolve the 
telescope on the vertical axis as nearly as possible throutjrh ISO 
degrcKJS and note the displacement of the bubble: brinir the bub- 
ble one-half of the way back to the center by the screws, at one 
end of the bubble-bar attached to the wyes, and the renuiinder of 
the distance by the parallel plate screws. liej^tnit the test and 
adjustment until the bubble remains in the center of the tubi^ in 
all positions of the telescope. 

Replacing: the Cross-hairs. The cross-hairs in levelintr in. 
struments may be either spider webs or platinum wire. Spider 
webs are better, but in selectin<£ thern care shonld be taken to see 
that they are free from dust and dampness. Probably the web of 
the little black spider is the most satisfactory, but the web of the 
common spider will give good results, es[)ecially if fresJily 
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spun. Spider webs can best ])e carried by winding them 
around a stick. 

The cross-hairs are attached to the small diaphragm set at 
the principal focus of the object-glass. To replace the cross-hairs, 
carefully remove the diaphragm from the telescope tube and lay 
it upon a white surface with the cross-hair side upwards. It will 
be noticed that there are incisions upon the face of the diaphragm 
intended to indicate the position of the cross-hairs. Fasten one 
end of the spider web to the diaphragm by means of beeswax or 
paraffine, carefully suspending the other end of the web over the 
opj)osite incision upon the diaphragm; after the web has been 
properly stretched by fastening it to a match, fasten the web 
down as before. Repeat the operation with the other cross -hair, 
then replace the diaphragm in the instrument, care being taken 
not to break the hairs. The first adjustment may then be mmle. 

The Dumpy-level. This instrument (see Fig. 41) differs 
from the Wye-level in the following points: the uprights which 
carry the telescope are firmly attached to the bar, and the line- 
tube is mounted on top of* the bar. The telescope is attached 
firmly to the uprights so that the whole structure is rigid. At- 
tached to one of the uprights is a projecting piece with which one 
*end of the level is connected in such a way as to permit of a 
slight horizontal movement. The other end of the level- tube is 
fixed with two capstan -headed nuts to permit of vertical adjust- 
ment. 

A clamp and slow- motion screw should be attached to the 
center. This, while not an absolute necessity, will, when clamped, 
prevent unnecessary wear on the center when the instrument is 
carried upon the shoulder. The telescope may be either erecting 
or inverting, but the latter is to be preferred. 

The dumpy-level, though not as convenient in its adjust- 
ments as the Wye- level, will, nevertheless, when properly adjust- 
ed, give equally good results; while on account of its simplicity and 
compactness, it is not so lia])le to have its adjustments disturbed. 

Adjustments. The adjustments of the dumpy-level are two 
in number and should be made in the followinor order: 

1. To make the axis of the bubble-tube jK^rpendicular to the 
vertical axis of the instrument. 
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2. To make the line of coUimation perpeudicular to the 
vertical axis of the instrument. 

To make the first adjustment, set up the instrument firmly 
in a position shaded from sun and wind. Turn the telescope over 
a j>air of opposite plate screws, and by means of these screws 
bring the bubble accurately to the center of the tube. Ke{>eat the 
operation over the other pair of screws, and so on alternately over 
each pair of screws, until the bubble remains as nearly as possible 
ill the center of the tube for both positions of the telescope, care 
being taken not to swing the telescope through more than 90 de- 
forces. 

Now turn the telescope accurately over a pair of opposite 
plate screws and after leveling carefully, swing the telescope 
through 180 degrees directly over the same pair of screws. If the 
bubble remains in the center of the tube, the adjustment is com- 



Fig. 43. 

plete. If the bubble does not remain in the center of the tu])e, 
bring it one-half way back to the center by means of the vertical 
capstan -headed screws at one end of the tube, and the remainder 
of the distance by the leveling screws. Now repeat the test and 
adjustment until the bubble remains in the center of the tube 
through all jwsitions of the telescope. 

The second adjustment of the dumpy-level must be made by 
the '*Peg Method". Select a piece of ground as nearly level as 
possible and lay out a straight line upon it, from 400 to 000 feet 
in length, driving a stake at each end and at the center. Set up 
the level over the center stake and after level! nt^ carefully direct 
the telescope to the rod held upon X (see Fig. 48 1, and take the 
reading by the target. Now direct the telescope to t\\o rod held 
at it and take the reading. The difference of tht^se two rod read- 
incjs at N and M will join the two differences of elevations, no 
matter how much the line of collimation is out of adjustment. 
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Now set up the instrument within about twenty feet of the 
stakes, as N, and take the rod readincr; carry the rod to M and 
take the readinop. If the difference of these last two readinirs is 
the same as before, the line of collimation is in adjustment; if not, 
correct nearly the whole error by means of the upper and lower 
capstan -headed screws attached to the diaphragm carrying the 
cross-hairs. Repeat the test and correction several times until the 
difference of elevation from both positions of the instrument agree. 

It may be well to note right here that the second adjustment 
of the Wye-level may be made by the " Peg Method," but it is 
thought that the method given is the more convenient. 

The Precise Spirit Level. The description of this instrument 
which is shown in Fig. 44 is taken from the catalogue of the 
makers, F. E. Brandis, Sons, & Co. 

The principle underlying the construction of the instrument 
is that the- telescope can be moved in a vertical plane about a hor- 
izontal axis by means of a micrometer screw. This construction is 
especially adapted to the object in view, viz: of multiplying the 
pointings on a mark either in the horizon of the instrument or at 
an angle above or below. 

The superstructure consists of two uprights joined somewhat 
below their mi^idle by a horizontal plate. The upper portions of 
the uprights are fashioned into Y's, and carry the telescope and the 
.striding level; the lower portions are cut out so as to leave guid3 
|)ieces passing outside the lower plate. A capstan -headed pivot 
screw pass:*s throu;^h each guide piece at one end into small sock- 
ets in the fixed plate. Passing through the fixed plate, the mi- 
crometer screw moves between the guide pieces at the other end 
and abuts against a small steel surface. Th ^ fix.^d plate carrier an 
index, and one of the guide pieces a corresponding scale to register 
the whole terms of the micrometer, and also a pointer for reading 
the subdivisions of the micrometer head of which there are 100. 

The Gurley Binocular. The binocular hand level, as the 
word implies, is a hand level with a double telescope attached. It 
\s similar to the monocular hand level in many respects, except it 
IS p:'()vi(l(*d yilli screw centeriiio; and focusing adjustment and 
can be adjusted to the different widths of the eye, avoiding all 
strain to the ocular muscles. 




Adjttsttnent. Folhnv tin* prineipli^s il^ laid dnwii relatirt* to 
tlie LiH'ke Utuiil IfTvl. 

'•Setting up'* the InstJ-uniettt. Tho krm •* setting ii|» tlio 
level*' means to |tliiee it in posltiaii tii s<n?are Ijuriatoiital sii^hte. Ta 
do iliis, plant thu k^ge lixniily hi tbo grtiund a* n|ipruxiinHttdy 
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equal distances apart so as to make the leveling plate horizontal. 
Bring the telescoj)e directly over and in line with the two leveling 
screws between the plates and opposite each other. As you stand 
facing the instrument turn the thumb of the left hand in the di- 
rection of the motion of the bubble and turn both thumb screws 
towards or away from each other, being careful not to strain the 
level plates by having the leveling screws too tight. These screws 
should bear firmly upon the plates and should move 
with ease ana smoothness, but there should be no movement 





Fig. 40. 



Fig. 40. 



of the vertical axis of the instrument. Turn tlie screws 
until the bubble appears along the graduations of the bub- 
ble tube and bring it to the middle, then turn the telescope at 
right angles to these two screws and over the other two. In like 
manner perform the same operation as before. This will cause the 
bubble to run away from its former position; bring the bubble ac- 
curately in the center of the tube over these screws, that is, hav- 
ing equal spaces on each side of the zero of the scale, then turn 
the telescope over the former screws and bring the bubble in the 
center. Do this several tinies until the bubble remains stationary 
at any angle the telescope may turn; to test this, turn the telescojK^ 
half way around and see if tlie bubble moves; should it remain 
stationary, the instrument is level. The level is, with few excep- 
tions, never placed in line (except when being adjusted under the 
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peg method). It is usually placed in some convenient spot where 
the greatest number of horizontal sights can be secured. As al- 
ready stated, the tripod legs must be so placed as to make the 
plates horizontal. This will save time in bringing the bubble in 
its proper position. Should it be required to set up the instru- 
ment on the side of a hill, place one leg at an altitude and the other 
two in apparent line with each other ( see Figs. 45 and 46 ), 
but where the tripod is adjustable the proper method is apparent. 

After the instrument is set up and leveled, focus the eye- 
piece upon the wires and focus the object-glass on the rod by 
means of the screw placed for that purpose on the top or side of 
the telescope Care should be taken not to take a reading until 
the bubble has been carefully observed and brought in the exact 
center of the bubble tube. When this is completed, sight through 
the telescope and note the rod reading or set the target rod; again 
look at the bubble and see if it has moved away from its former 
position; if not, again sight on the rod and see if the first observa- 
tion was correct. Should the intersection of the cross-hairs fail 
to coincide with the horizontal and vertical lines of the target or 
the center of the rod, the rodman is to incline the rod by the sig- 
nals of the observer, until it coincides or is in line of colliniation. 

Care of the Instrument. This duty properly belongs to tlie 
instrument man or leveler, and the re(i[uirements should be thor- 
oughly understood. While in the field, the instrument remains 
on the tripod and is carried from place to place as the work re- 
quires, but when taken any distance, such as on railway trains, 
street cars, etc., it should be carefully placed in the box and car- 
ried by one who is capable of giving it proper care and attention. 

The instrument man being responsible for the instrmneiit, it 
is natural, and perhaps best, that he should always carry the in- 
strument. In fact, the greatest amount of precaution Hlionld Ix* 
exercised in the care of the instrument, both in the field and while 
conveying it. 

Instruments in general, the level in particular, should never 
be unduly exposed to the rays of the sun, as this will have a tend- 
ency to throw its various sensitive parts out of adjustment, there- 
fore, whenever possible, place the instrument, whether it is on the 
trijKxi or not, in the shade. 
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The leveler should always exercise great care not to disturb 
the instrument after it is set up and should avoid, as much as 
possible, walking around it unreasonably, especially if the ground 
is soft, or the position of the instrument not very firm. This ap- 
plies to all persons whether in the active performance of duty or 
not. It is frequently necessary to set up the instrument in places 
such as loose timber, rocks, etc., thus the importance of this care is 
apparent. If disturbed to any great extent it will be necessary to 
relevel it, and if the position of the legs of the tripod is disturbed, 
the entire work must be done over, because the height of theinstru- 
ment will not be the same as in its former position. Should the in- 
strument be disturbed after a turning point has been establir>lied 
and its elevation ascertained, it will only be necessary to take a 
reading on the last turning point to determine the new height of 
the instrument. After leveling, the instrument man should keep 
his hands off the instrument except for the purpose of leveling and 
adjusting the telescoj^. lie should not make a practice of leaning 
his weight on the tripod; It is often necessary to send instrument3 
great distances, and in so doing, in no case should it Ije sent by 
express or freight without first being pro])erly packed and secured 
against breakage; because of its fine construction and sensitive- 
ness it may get out of adjustment to such an extent as to render 
it impossible to readjust it for good work by any method known 
to the engineer, and may become worthless and beyond repair even 
to an instrument maker. 

The student should appreciate that the care of the instrument 
is just as important to good work as its original excellence. 

Leveling. To determine the difference in elevation between 
two points, both of which are visible from a single position of the 
instrument, set up the instrument in such a position that the rod 
held upon either point will be visible. Now send the rod to one 
of the points as at A in Fig. 48; direct the telescope upon it and 
take the rod reading; now direct the telescope to the rod held at 
B and attain note the readiiijy. Evidentlv the difference of the rod 
will give the difference in elevation of the two points. 

If the points are too far aj)art or if the difference of elevation 
is too great to be determined from one setting of the instrument, 
intermediate points must be taken. For instance, suppose it is 
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desired to find the difference of elevation of A and C in Fig 47, 
C being too far below A to permit of being read upon both points 
from a single position of the instrument. Set up the instrument 
(not necessarily on line from A to C) in some position sucli that 
the line of sight will strike the rod as near its foot as it is pos- 
Bible to take a reading: send the rod to some point B such that 
the line of sight will strike the rod near the top when extended. 
The difference of these rod readings will mve the difference of 
level of A and B. Now carry the instrument to some point such 
that rod readings can be taken upon B and 0. The difference of 
the rod replugs upon B and C added to the difference of rod read- 




Fig. 47. 



ings upon A and B will give the difference of level of A and (\ 
propter attention being given to signs. 

If the line of levels is very extended the above method is 
awkward, as some of the differences will be positive and 
some negative. Choose some plane called a datum plane, such 
that all of the points in the line of levels will lie above it. 

Beginning at the [)oint A, assume the elevation of the jx)int 
above the datum plane. Bead the rod held upon A, and the read 
ing added to the assumed elevation will give the heitrht of the 
cross-hairs above the datum plane, called the *»heitrht of instru- 
ment" (II. I.). Now, turn the instrument upon the ])()int H and 
read the rod and it is evident that this last rod readimr subtracted 
from the height of instrument will give the elevation of l>al)Ove 
the datum plane. Next move the instrument beyond B, or at 
least where it can command a view of B and C and attain sitrht to 
the rod held upon B. This last ro<l reading added to the elevation 
of B will give the new height of instrument from which if the rod 
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reading at C is subtracted will give the elevation of C above the 
datum plane. Fig. 48 will make the method of procedure apparent. 
Referring now to that figure, the first rod reading taken upon 
the point A is ordinarily called a "back-sight" and the first read- 
ing taken upon B is called a '^fore-sight". There seems to be no 
good reason for adhering to this method of distinguishing between 
the rod readings and it is illogical and misleading. A back sight 
is not necessarily taken behind the instrument, that is, in a direc- 
tion contrary to the progress of the survey, neither is a fore-sight 




Fig. 18. 



necessarily taken in front of the instrument. It is more logical 
and less misleading to designate these rod readings by the terms 
*'plus-sight" and "minus-sight". 

A plus-sight, therefore, is one taken upon a point of known 
or assumed elevation, to determine the height of instrument. 

A minus-sight is one taken upon a point of unknown elevation 
and which, subtracted from the height of instrument, will give the 
required elevation. 

A "bench-mark" (B.M.) is some oi)ject of a permanent 
character, the elevation of whicli, together with its location, is 
accurately determined for future reference and for checking the 
levels. 

A '"peg", *'plug", or turning point" (^T. P.), is a point used 
for the purpose of changing the position of the instrument. This 
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turning point nnay be taken upon a bench-mark, but is oftener 
taken upon the top of a spike or stake driven into the ground. 

If a self-reading rod is used, the instrument man will carry 
the notebook and record the rod readings as they are observed. 
The leveler should cultivate the practice of calculating the ele- 
vations of his stations as the work progresses, thereby enabling him 
to discern errors when they occur. 

If a target rod is used upon the work, the rodman should also 
carry a notebook in which he should at least enter all readings 
ujK)n turning j)oints and bench-marks and check up with the in- 
strument man at every opportunity. Under the circumstances, 
the instrument man is more or less dependent upon his rodman 
for the correct reading of the rod and when an inex|x^rienced rod- 
nian must be employed, the self -reading rod will give the better 
results. 

The limit of range of an ordinary leveling instrument is about 
4f)0 feet, and sights should not Ije taken at a greater distance. 

The method of keeping the field notes for the work above out- 
lined is given below. A level notebook especially adapted to 
the purpose should be procured, the notes entered on tlie left-hand 
pages, the right-hand pages being reserve<l for remarks, sketches, 
etc. 
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It will be noticed that the algebraic sum of the j)lus and 
minus readings equals the differenct* of elevation of tlie first and 
last stations, and these quantities should be checked as often as 
possible to discover errors in addition or subtraction. 

Profile Leveling:. The method of T)r()file levelimr is the same 

I o 

in principle as above outlined, but the details of field work are a 
little different. 

In this sort of work it is intended to determine a vertical 
section of the ground above a datum plane. To thisen<l, rod read- 
ings are taken sufficiently close togt^tbcr that when the elevations 
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are plotted- aiid the points connected, the resulting irregular line 
will closely approximate the actual line of the surface. 

Profile levels are usually run in connection with a transit or 
chain survey of the line, the positions of the points being first 
established upon railroad surveys. These points are usually 100 
feet apart unless the ground is very irregular, wht^n they may be 
50 or 25 feet apart or even less, the points being indicated by 
stakes. Upon sewer or street work they should seldom be more 
thaa 50 feet apart and the readings should be taken with the rod 
held upon the ground. 

Fig. 49 will illustrate the difference between profile leveling 
and the first system outlined, sometimes called diiferential leveling 
or '*j)eg" leveling. Referring now to tliat figure A B is the datum 




-fl 



Fig. 49. 

plane and the full lines at C,D, and E represent positions of the 
rod for turning points. Assuming the elevation of the point C, 
the rod is held upon it and the reading added to the elevation for 
the height of instrument. The rod is then carried successively to 
the points a^ h, <\ d^ and each reading is in turn subtracted from 
the height of instrument at C, to get the elevations of these points. 

The rod is then held upon the point 1), the instrument moved 
and the plus-sight upon D added to the elevation for the new 
height of instrument. The rod readings upon <% /*, </, A, /, etc., 
are then each subtracted from this new height of instrument for 
elevations. 

This figure illustrates the improper use of th*^ terms back- 
sight and fore-sight. The rod readings at C, a^ and b are taken 
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behind the instrument, but the rod reading at C \s the only 
plus-sight. 

The methcxl of keeping the field notes is illustrated below. 
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CROSS-SECTIONING. 

One of the most important pro])lems tliat confronts the 
K*veler is the setting of '*s1o{k» stakes," Ciilled cross-sec*tioning, 
from which may be determined the amount of earthwork in cut 
or fill, and which mark the extreme limits of the operations of the 
construction corps in building railways, highways, sewers, canals, 
irrigation ditches, etc. 

The problem is as follows: (iiven the re(juired width of 
finished roadbed or channel, with proper side slopes (depending 
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20' 

upon the kind of material), it i.-^ reijuiivd to determine where 
these side slopes will intersect ilw natural surface of the ground 
with reference to the center line of tlie survey. Tlie center line is 
defined by stake, carefully aligned and leveled, and a profile of it 
is prepared upon which the gracK^ line is laid down, showing the 
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elevation of the linished roadbed or channel with reference to the 
natural surface of the ground. 

Let us assume the ground to be level transverse to the center 
line. Depth of cut at center = 12 feet; side slopes li feet hori- 
zontal to 1 foot vertical; width of cut at bottom = 20 feet. See 
Fig. 50. 

Set up the instrument in some convenient position that will 
command a view of as much ground as possible. Hold the rod 
upon the ground at the center stake and note the reading. Sup- 
pose it to be 3.5 feet. Now if the ground is level, the distance 
from C to B is evidently 10+(12xlA) =28 feet and the rod 
should again read 3.5 feet when held at B. The point A would 
be found in the same way. 

The notes would be kept as shown below. 
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The ])receding example illustrates one of the simplest cases 
that occur in ])ractice. I^t us now take the case of a line locuteil 
upon the side of a hill. See Fig. 51. 

Depth to grade at center feet; wndth at bottom 20 feet; 
side slojies 1^ to 1. As before, hold the rod upon the ground at 
C and determine the height of instrument abov^e C. Suppose this 
to be 5.5 feet. Now, if the crpound were level through G it would 
be necessary to measure to the right 10 + (0x1 A) = 11) feet to the 
j)oint D and the rod should read 5.5 feet. Listead it reads, say 
2.8 feet. We know therefore that we have not gone out far 
enough by (5.5 — 2.8) 1A--4.05 feet, if the ground were level 
through the point D, bringing us to the point p] where the rod 
should read 2.8 feet. Suppose it reads 2.3 feet. We must then 
go out 0.75 foot farther, each move bringing us closer and closer 
to the point B. This operation may Ik* rejH'ated as often as is 
considered necessary, but with a little experience in this sort of 
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work the instrument man can direct the rod closely enough to the 
point B for all practical purposes. We then enter the notes in 
the second line of the record shown above. 

Uj)on the left of the center, these operations are reversed. 
That is to say, we measure out 19 feet and instead of the rod read- 
ing 5.5 feet, it reads, say, 8.5 feet. We know then that we are 
out too far by 4.5 feet. We then move in toward the center the 
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recjuired distance and read the rod algain, notinor how much it dif- 
fers from 8.5 feet, if any, and enter the final results in the notes. 

A third case is shown in Fig. 52, in which the transverse 
sIo{)e is not uniform. The method of procedure is tlie same as in 
the other cases, but the rod should be held at the point where the 
slope changes in order to find its height above grade. Enter tliis 
and the distance out in the third line of the notes. 

The transverse Section may be very irregnlar, in wliieli cast* 
it may i)e necessary to take readings at several points in order to 




FilLT. .52. 
calculate the area of the sections witli more exactness. At times 
a section will be cut partly in rock and partly in earth, forming u 
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compound section. Each material will, of course, have its own 
proper side slope, and the depth and extent of each must be deter- 
mined by soundings. 

In case the section is in fill instead of in cut, the method is 
the same as in the preceding cases, as will be illustrated in the fol- 
lowing examples. Let us first take a section level transversely. 
See Fig. 53. 

In this case the finished grade is to be 9 feet above the point 

--I8' 




Fig. 63. 
C.^ Hold the rod at C and suppose it reads 3.25 feet. Now since 
the ground is level we go out to the right and left 9 + (9XlA) 
= 22.5 feet' and set the stakes at A and B entering the record in 
the notebook as before, except that now the numerator of the 
fraction will be marked — instead of +. 

We will next take the case where the surface of the ground 
has a transverse slope. See Fig. 54. Now hold the rod at the 
point C, and suppose it reads 9.25 feet. Now if the ground were 




Fig. 54. 
level through C we would have to go out to the right 9+(6.25 
Xl.5) = IS. 4 feet to some point D. But there the rod reads, say, 
1.5 feet, hence we know we are out too far by 7.75x1.5 = 11.63 
feet, bringing us back to some point as E and the rod now reads, 
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say, 3.5 feet and we move out again 2.0 X 1.5 = 3 feet. Therefore 
we move back and forth until we find the point B where the com- 
puted rod reading and the actual reading agree. 

Sometimes it will be found that a part of the section is in 
cut and a part in fill, but methods outlined will serve in any case. 

The distance between the sections longitudinally will depend 
upon the nature of the ground. On uniformly sloping or level 
ground they may be taken 100 feet apart. Over uneven ground 
it may be necessary to take them as closely together as 25 feet or 
even less. In the sections themselves, a sufficient number of rod 
readings should be taken that the area of the sections may be 
determined with reasonable accuracy. 

After the field work is completed, the notes are plotted, 
usually upon cross-section paper, and the areas determined either 
with a planimeter, by Sim{)8on's rule or some other method. These 
sections then divide the earthwork into a system of prismoids of 
which the volume must be calculated. The formula for calculat- 
ing volumes is known as the Prismoidal Formula and is as follows: 

in which I = length between consecutive sections, A = one end sec- 
tion, B = the other end section and M ■= the section midway be- 
tween the two. The result is given in cubic yards. 

The mistake .must not be made of assuming that M is a mean 
between A and B; but a theoretical section must ]>e plotted whose 
dimensions are a mean between those of A ami B. This often 
results in quite a complicated problem, and various other furniulHS 
have l)een devised to give sufficiently close results without the 
labor and time involved in the preceding. Tliis will l>e jtivated in 
detail in Railroad Engineering. 
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The meridian plane of any jjlace uix)n the earth's surface 
is a great circle passing through the zenith of the phice and the 
ix)les of the earth. A true meridian is, therefore, a line lying in 
this plane, and would, if produced, pass through the ix)les. 

The magnetic meridian plane woidd in the same way be 
defined by the zenith and the magnetic pole of the earth ; but since 
this pole is not fixed in iX)sition, the magnetic meridian is defined 
as the direction of the line indicated by the position of the 
magnetic needle. 

At a few places upon the surface of the earth, the true meridian 
and the magnetic meridian coincide at tiines^ but for the most 
part they differ in direction by an ever varying quantity. The 
angle at any place between the true meridian and the meridian as 
defined by the magnetic needle, is called the magnetic declination 
for that place. If the direction of the magnetic meridian wen^ 
constant, or if the changes followed any i^articular law, it would 
be a comparatively simple matter to detennine the declination for 
any time or place. The variations occurring are of three prineii)al 
kinds — diurnal, annual, and secular, tlu^ last beung the most 
important. 

Diurnal Variation. On continuing observations of the? 
direction of the needle throughout the day, it will bi* found that 
the north end of the needle will move in one direetion from alxiut 
8 A. M. until shortly after noon, and tlicn gradually return to its 
former position. 

Annual Variation. If observations be continued tlirougliout 
the year, it will be found that thc^ diurnal changes vary with tlu* 
seasons, being greater in summer than in wintt^r. 

Secular Variation. If accurate observations on the declination 
of the needle, in the same place, ctre continue<l over a ninnher of 
years, it will be found that there is a continual and conijjaratively 
constant increase or decrease of tlie declination, continuing in tlie 
WXfX^ dirQctiou over a long period of years. 
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Bedsides the above, the declination is subject to variations more 
or less irregular, due to local conditions, lunar perturbations, sun 
spots, magni^tic storms, etc. 

The declination in any jxirt of the United States may be 
ai^proximately determined by consulting the chart issued from time 
to time by the United States Coast and Geodetic Survey. (See 
chart, i>age 132.) U^xjn this chart all ix)int8 at which the needle 
ix)ints to the true north are connected by lines, calltKi lines of no 
declination. Lines are also drawn connecting ix)ints of the same 
declination, called isotonic lines. 

The isogenic curves or lines of equal magnetic declination (variation 
of compass) are drawn for each degree, a -\- sign indicating West declination, 
a — sign indicating East declination. 

The magnetic needle will point due North at all places through which 
the agonic or zero line passes, as indicated on the chart. 

Before undertaking an extensive or important survey, it is 
the first duty of the surveyor to determine accurately his declina- 
tion. This is best done by laying out a true meridian upon the 
ground and comparing its direction with that indicated by the 
needle. Before describing the methods of laying out a true 
meridian, it will be best to describe the compass. 

THE COMPASS. 

Construction. The surveyor's compass consists primarily of 
a circular brass box, carrying, upon a pivot in its center, a strongly, 
magnetized needle (see Fig. 56). The inside edge of the box on a 
level with the needle, is usually graduated* to half degrees, and 
smaller intervals may be *' estimated.'' Two ix)ints diametrically 
oxDxx)site each other are marked 0°, and form the north and south 
ends of the box, the south end being indicated by the letter S, and 
the north end either by the letter N or by a fleur-de-lis or other 
striking figure. The divisions extend through 90° upon both sides 
of tlu^se ix)ints, to the east and west points marked respectively 
E and W. The east side of the box, however, is on the left as the 
observer faces the north end; this is because the needle remains 
stationary while the box revolves around it. The divided circle is 
sometimes movable, being fitted with a clamp and tangent-screw 
for setting off the declination of the needle. 
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The magnetic needle is the most essential part of th^ coiniK»>s. 
It consists of a slender bar of ste^-l. usually fire or sis iiioh--> k-iig, 
strongly magnetized, and balanced on a pirot so that it may torn 
freely and thns continne to point in the same dirvction howt-vcr 
much the box carrying the pivot may be tnnitJ an^mi^l. To this 
end the pivot shoidd be of the hanlt^t stttl. gTi»ii!id to a vt>ry 
fine point, or, better still, of iridinm: and the Cfiiti-r of tlit- nt^illo 
resting upon the pivot should be fitted with a cap of jiirit./ or otht r 
hard substance. 

To distinguish the ends of the ntvdle. the north ♦-ml i> usually 




Fig. 56. 

cut into a more ornamental form than thi^ south on<l, or tlic lattrr 
end may be recognized by its carrying a roil of win^ to balanoo tho 
"dip." 

Intensity of directive force and srnsitivoncss art' th(» chief 
requisites in a magnetic needle, and nothing is gained by making 
a needle over five inches in h^ngtli. Indeed, longer needles an* 
liable to have their magnetic properties impaired by iK)larizati()n. 
The* needle should not come to rest too (quickly. Its sensitiveness 
is indicated by the nmnlxT of vibrations that it makes in a small 
space before coming to rest. Should it conu* to rest (luickly or 1m' 
sluggish in movement, it indicates either that tlu» magnetization 
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is weak or that there is undue friction between needle and pivot. 
The under side of the box should be fitted with a screw which, 
engaging a lever upon the inside of the box, will serve to lift the 
needle off the pivot when the instrument is carried about. 

The sights form the next most important feature of the 
compass. They consist of two brass uprights, with a narrow slit 
in each, terminated at intervals by circular apertures. They are 
mounted directly upon the compass-box; or the bottom of the box 
may be extended at each end in the form of a plate, and the sights 
j^J\ attached at the ends of the plates. How- 

ff 1 ever mounted, the sights should have 

their slits in line directly over the north 
and south ix)ints of the divided circle. 
The right and left edges, respectively, of 
the sights, may have an eye-piece and a 
series of graduations, by which angles 
of elevation and depression for a range 
of about twenty degrees each way can 
be taken with considerable accuracy. 
This device is called a tangent scale, 
the graduated edges of the north sight 
being tangents to segments of circles 
having their centers at the eye-pieces, 
and their points of contact with tht» 
tangent lines at the zero graduations of the scale (see Fig. 50). 
The spirit levels may be placed at right angles to each other 
in the bottom of the compass-box, or mounted in the same way 
upon the plate. 

The comi)ass is usually fitted to a spindle made slightly 
conical, which has on its lower end a ball turned i)erfectly spherical, 
confined in a socket by a pressure so light that the ball can be 
moved in any direction in leveling the* instrument. The ball is 
placed either in th(* brass head of a Jacob staff, or, better, in the 
top casting of a tripod. 

A plumb-bob should be providt^d with the instrument to center 
it over a stake*. 

A telc^scopc^ is sometimes x^rovided, to be attached to one of 
the vertical sights, for the purjx)se of more clearly defining the 
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line of sight. The compass is, however, so inaccurate that it would 
seem to be an unnecessary refinement. 

* Prismatic Compass* This is a form of compass used in 
general where merely ordinary work is required. It is about 
3 inches in diameter with a floating metal dial (see Fig. 57), and is 
provided with folding sights and prism. By means of the latter it 
may be read while being pointed. This is especially useful when 
the instrument is held in the hand. Although it can be mounted 
on a Jacob staff, it is usually held in the hand and carried in the 
observer's pocket. 

Adjustment. To Adjust the Levels. First bring the bubbles 
to the middle of the tube by the pressure of the hand on different 
parts of the plate, and then turn the instrument half-way round. 
If the bubbles remain in the middle of the tubes, the tubes are in , 
adjustment. If the bubbles do not remain in the middle, raise 
or lower one end of the tube to correct one-half the error. Relevel 
the instrument, again test, and apply the correction as before. 
Continue the operation imtil the levels are in jx^rfect adjustm(Mit. 

To Adjust the Needle to the ^^Dip.^'' While the compass 
is still in a perfectly level condition, see if the needle is in a 
horizontal plane. Should this not be the case, move the small coil 
of wire towards the high end until the needle swings horizontally. 

To Adjust the Sight- Vanes. Observe through the slits a 
fine hair or thread made exactly vertical by a plunmiet. Should 
the hair appear on the side of the slit, the sight-vane must be 
adjusted by filing its under surface on the side that seems the 
higher. 

To Adjust the Needle. Having the eye nearly in the same 
plane with the graduated rim of the couix)ass-box, bring one 
end of the needle in line with any prominent graduation mark in 
the circle, as, for instance, the zero or the 90-degree mark, and 
notice if the other end corresponds with the same degree upon the 
opposite side; if it does, the needle is said to ''cut" opix)site 
degrees; if not, bend the center pin, until the ends of the needle 
are brought into line with the opposite degrees. 

Then, holding the needle in the same position, turn tlie 
instrument half-way round, and note wliother th(» ncu'dle now cuts 
opposite degrees; if not, correct one-half the error by Ixnuling the 
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needle, and the other half by bending the center pin. The 
operation of testing and correcting should be repeated nntil perfect 
reversion is secured in the first position. This being obtained, the 
operation should be tried on another quarter of the circle; if any 
error is found, the correction must be made in the center pin only, 
the needle being already straightened by the previous operation. 
When the needle is again made to cut, the test should be tried in 
the other quarters of the circle, and the correction made in the same 
manner, until the error is entirely removed and the needle will 
reverse at every point of the graduated circle. 

Use, In the operation of locating points, and therefore lines, 
by angle-measuring instruments, two ojx^rations are necessary: — 
(1) to measure the angle at the instrument between some given line 
and the line passing through the given point; (2) to measure the 
distance from the instrument to the given point. For the first 
operation two types of instrument are in general use — the 
compass and the transit. For the comjmss, the line of reference 
from which all angles are measured is a meridian, and the angular 
deviation from this line is called the bearing. The bearing and 
length of a line are collectively 'named the course. The compass, 
therefore, measures bearings directly and angles indirectly. 

To Determine the Bearing of One Point from Another. 
"Set uj)" the compass over one of the points, and level carefully. 
Turn the sight- vanes in the direction of the second point, with the 
north end of the plate ahead. Hold a rod upon the second ix)int, 
and cover it with the slits in the sight-vanes. Now lower the 
needle upon the pivot, being sure that the instrument is still level; 
allow it to come to rest, and read the bearing. 

To Survey a Series of Lines with the Compass. "Set up" 
the compiss over the \yomt A, with the north end of the plate 
ahead (Fig. 58); and after leveling, turn the sight-vanes to cover 
a rod held u]X)n the point B. Now send out the tape in the direction 
of B, and, sighting through the slits, signal the head tapeman 
into line. Continue this un^il the point B is reached. Now read 
and n»cord the bearing and the length of the line. Take up the 
instrument, and carry it to B. Set it up over B, with the north end 
ahead, that is, i)ointing in the direction of the survey. Lev^l, and 
turn the south end so as to cover a rod held upon the point A. 
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Road th(» Ix'aring as a clun-k 14K)ii llic fonncr ()ii(\ but, rcvcMscd in 
(linvtion; /. r., if t\w bearing from A to B was norlli ]>v cast, the 
Ix'aring from B to A will hr soiitli by wrst. If the direct and 
rcvorstnl Ix tarings check, turn the north end of the compass to cover 
a rod hc^ld niH^ii C Read the b(»aring, m(»asiire K (\ take th(» 
instrnment to (\ and pnx^eed as Ix^fore. 

If at any station, such as C, tlu* direct and reversed bearings 
do not agre(», taki» the instrmnent back to B and again take tin* 
b<'aring of B C. If they still disagnv it indicates local attraction 
at C. Take tin* instrmnent to D and take the bearing of D(\ 
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compiring it with the bearing of (' 1). If thes(» disagree, record 
the b(*arings of B C and D C as well as those of C B and C D. 
The hitter should check the former, sinct* the local attraction at C 
will affect both lines equally; and the correct angle ]>etwe(m the 
lines c<'in bo computed. 

Locating a series of lines with certain IcMigths and bearings is 
essentially the same as above, except that after the compass has 
l)e(m turned in th(5 prox)er direction, tht* stations nnist b(» brouglit 
into j)roi)(»r line. 

Here it may bo well to remark upon the proper method of 
reading and recording bearings. Always read the north or south 
end of the plato first; /. c, if a lint* has a bearing »r) (\'ist of 
north, it should b(» n^ad and n^corded N ^5" E. If tin* Ix'aring is 
90"^ east or west of north or south, rcK'ord the bearing as E or W. 

The Gunter's chain is always used in land surveys made with 
the compass, and (l(»eds and records of sucli surv(\vs are based 
upon the Gunter's chain as tlu» unit. 

' Hints liegardlng the Use (ff the ('(unpuss. Sometinu^s, as 
when the line of which the bearing is re([uin*<l consists of a fence. 
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otc, the compass cannot 1x5 set nix)u the line. In such a case 
measure oflF equal distances at riglit angles to the line*, and find th(» 
blearing of the parallel line; the length should be measureil upon 
the line itself. In other cases it may be more convenient to set^ 
th(^ compass or rod ''in line'" upon the. line produced, or upon some 
int(?rmediate point of the line. 

It is more important to have the compass level, crosswist^ of 
the sights, than parallel with them. 

Avoid reading the bewaring from the wrong number of the two 
between which the needle points, as for instance 35° for 25''. 

Check the vibrations of the needle by gently raising it off the 
pivot and lowering it again by means of the screw on the under 
side of the box. 

If the needle is slow in starting, smartly tap the compass to 
destroy the eflFect of any ]X)ssible adhesion to the pivot or friction 
of dust upon it. 

Avoid holding the j)ins, axe, or any other body of iron, in 
close proximity to the needle. 

Should the needle adhere to the glass after the latter has been 
dusted with a handkerchief or has been carried so as to rub 
against the clothes, the trouble is due to the glass being thereby 
charged with electricity and may be obviated by moistening the 
finger and applying it to the glass. 

RELOCATION. 

Suppose it is required to relocate a line, no trace of the old 
survey being at hand except the given line. Now, between the 
date of the old survey and the present, the declination of the needle 
has changed several degrees. The first duty of the surveyor is to 
consider this question very carefully, and to ascertain the x^robable 
amount of change in the magnetic needle. Suppose the result of 
his inquiry leads to N 38° 15' E as the bearing. Starting at 
corner A, Fig. 59, the survT^yor runs a random line AS on the 
bearing N 38° 15' E, and measures along this line a distance of 
32 chains, or 2,112 feet, to point S. On arriving at S, the surveyor 
proceeds to look over the ground on both sides of this point for a 
lost comer, which is described in the old record as a monument, 
stump, or some other well-defined mark. If, after diligent search, 
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no trace of this mark can be found, nothing further can be don(i 
from the data at hand. However, should the mark be found at m, 
a perpendicular is dropped upon the line AS, and its length is 
lf^ 5 measured, as is also the distance ;jS. 

1 J^^ ^^ ^^ ^^^ evident that the distance* 

I ^^^ ^,>Tn A;i becomes known. From the right 

I ^y^^^""^ triangle, the angle nKm can be coni- 

•^^<:<r^^^ ^_ puted, and the present magnetic bear- 

Fig. 59. ing of Am can be determined. 

For (»xample, suppose that mn is fomid to be 37.4 fe(»t, while* 

A/< is 2,110.5 feet, then tan. nkm^^—z — =^ 0.01772, wh(*nc(? ;/A/// 

Kn 

=1*^ 10', and the present magnetic bearing of Km is N J57° 10'. 

Th(* distance Km = ^^\^?f,,, = 2,110.8 fe(*t. This indicntes 

COS. 1 10 

that the present work is correct, and that the old survey was in error 

by 1.2 feet. As there is a principle of law that establishes comers 

and monuments, resurveys must control; therefore the new n^cord 

of the line Am is N 37° 16' E, 2,110.8 feet. Intermediate ]X)ints 

of the line Km may now be established from the starting ix)int A, 

running it out with the new bearing. 

EXAMPLE FOR PRACTICE. 

Compute the distance and bearing of two ix)ints which are not 
intervisible. Call the line GH. A line is run approximately near 
H, from the known comer G to a ix)int A which is visibh* to H: 
the bearing and length of this line being N 42° 15' E, 714.5 feet; 
AH being N 1° 08' E, 210.3 feet. 

Ans. N 33° 14' E, 883.99 feet. 

To Rnd the Bearing of One Line to Another. 8upix)S(\ in 
Fig. 60, that of the tract of hind therein descrilxHl then* has bec^n 
prepared a rough plot uix)n which the angles, bearings, and 
distances as taken from th(» fit»ld lK)ok are figurcMl. In order to find 
the bearing of one line to anotluT, add tog(»ther the interior angh's 
formed at nil the comers; call their simis a\ multiply tlu* nunib*T 
of the sides by 180°; from the product subtrnct 300". If the 
n»mainder is equal to a, this is proof tliat the angU^s linve Ix^en 
accurately measunMl. This, howev(»r, will ranOy if (»vi'r oecnr; 
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then' will always bo some discTi'pauoy, but if the Held work has 
been ix^rfoniied with reasonable care the discrepancy will not 
exceed two minutes for each angle. In this case divide it, in equal 
parts, among all the angles, adding or subtracting, as the case may 
b(\ until it amounts to less than one minute for each angle, when 
it may be entirely disregartled in common farm surs^eys. 

The corrected angles may now be marked on the plot in ink. 
and the ix^nciled figures erased. We shall sui^ixlse the corrected 




Fig. 60. 



ones to be as shown in Fig. 60. Next, by means of these corrected 
angles, correct the bearings also. 

Select some side, the longer the better, from two ends of which 
the bearing and the reverse bearing agree, thus showing that the 
Ix^aring was probably not influenced by local attraction. Let side 
2 be the one so selected; assume its bearing N 75° 32' E, as taken 
on the ground, to be correct; through either end of it, say at its 
farther end 2, draw a short meridian line, parallel to which draw 
others through every comer. 

Now, having the bearing of side 2, N 75° 32' E, and requiring 
that of side 3, it is plain that the reverse bearing from comer 2 is 
S 75° 32' W, and that therefore the angle 1 2 m is 75^ 32'. 
Therefore, if we take 75° 32' from the entire corrected angle 12 3, 
or 144° 57', the remainder 69° 25' will be the angle in 2 3; conse- 
(luently the bearing of side 3 must be S 69° 25' E. For finding 
tlu^ bearing of side 4, we now have the angle 2 3 a of the reverse 
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bearing of side 3, also equal to 69° 25', and if we add this to the 
entire corrected angle 2 3 4, or to 69° 32' we have the augU^ a 3 1 
= 69° 25' + 69^ 32' = 138° 57', which, taken from 180°, leaves 
the angle 4 3 4 = 41° 3' ; consequently the Ixvnring of side* 4 must 
be S 41° 3' W. 

For the bearing of side 5, we now have tlie angU* 3 4 e = 41'' 

3', which, taken from the corrected* 
^C angle 3 4 5, or 120° 43', leaves th(^ 
angle ^? 4 5 = 79° 40', consetiueiitly 
the bearing of side 5 must be N 79 
40' W. At corner 5, for the bearing 
of side 6, we have the angle 4 5 </ =: 
D 79° 40', which, taken from 133° 10 \ 
leaves the angle rf 5 6 = 53° 30'; 
consequently the bearing of side 6 
must be S 53° 30' W; and so with 
each of the sides. Nothing but careful observation is necessary to 
set^ how the several angles are to be employed at each comer. 




Pig. 61. 



FARM SURVEYING. 

Method of Progression. Farm surveying with the compass 
does not differ in any essential particular from thci methods 
outlined for surveying a series of lines. If the boundary lines are 
irregular, it will be necessary to measure offsets at pro^x^r intervals, 
that the included area may bi? calculated. The method above 
described is known {is the method of ^progression. 

Method of Radiation. The method of radiation consists in 
setting up the instrument at some ix)int inside or outside^ thi* field. 
from which all the comers are visible^ and accessible, and then 
measuring the bearing and lengths of th(^ lines to these corners. 
Fig. 01 illustrates the method. Set up the compass at the i)oiut O, 
and take the bearings and lengths of tlu^ lines O A. O B. O C, 
O D, and O E. 

Method of Intersections. Lay otf a basi'-line of convenient 
lc»ngth inside or outside tlu» field, from which all the corners are 
visible. Set up the com^jass at on(i end of the base-lin(\ and take* 
the bi^arings from it to i^ach corner in succi'ssion. Remove the 
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compass to the other end of the base-line, and take the bearings 
from it to each comer in succession. Take the bearing and length 
of the base-line. Now, when these bearings and lengths are 
plott<*d, the intersections of the lines will define the comers. 

Proofs of Accuracy. When the survey of a field is plotted, 
if the end of the last course meets the starting ix)int, it proves the 
work, and the survey is then said to *'clos(\" Errors of closure 
may Ix* due either to incom»ct lengths of lines or to incorrect 
bi*arings, or to both. 

Diagonal lines running from comer to comer of a field may 
be measuriHl and their lx*arings taken. When these are x^lotttnl, 
their meeting the points to which they were measured jjroves the 
accuracy of the work. 

Finally, the accuracy of the work may be tested by calculating 
the ''latitudes and depjirtures" of all the courses. If their algebraic 
sum is equal to zero, the work is correct. A check uix>n the 
bearings may be had by calculating the "deflection angles" between 
the courses. If their sum is equal to 360 degrees, the bearings 
are correct. This, however, will seldom be the case. A certain 
amount of error is permissible, depending upon the nature and 
inqxjrtance of the work. 

Field Notes. The field notes may be recorded in various ways, 
the object being fb make them clear and full. 

1. The surveyor may make, in the field book, a rough sketch 
of the survey by eye, and note on the lines their bearings and 
lengths. If a protractor and scale are available, the actual bearings 
and lengths of the lines may be plotted in the notebooks, as well 
as oflFsets, etc. 

2. Draw a straight line up the i>age of the notebook, ahd 
record on it tht^ Ix^a rings and lengths of the lines. Oflfsets, 
ti(»-liues, etc., can be ^Jotted in their proper positions. 

3. Write the stations, bearings, and distances in three 
columns. This method has the advantage, when applied to farm 
surveying, of being convenient for use in the subsequent ciilcula- 
tion of contents, but does not give facilities for noting effects. It 
is illustrated as follows: 
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STATIONS. 


BEARINGS. 


DISTANCES. 




1 

3 
4 


N. 32'' E. 
S. 36^ E. 
S. 27^^" W. 
S. 16° W. 


16.82 

18.90 

7.85 

15.30 



Notice that distauces are given in Gunter's chains, and in 
calcuhiting content the result will be given in square chains,, which 
cmi be reduced to acres by ix)inting oflF one decimal place. 

To Chans:e Bearings. In certain kinds of work with the 
compass, it is convenient to assume one of the lines as a meridian, 
and it then becomes nec(»ssary to change the bt^arings of all of the 
other lines to conform with the assumed meridian. This case is 
best illustrated by an example. 

The bt^arings of the sides of a field are here shown: Suppose 
now that the first course is assununl ns a nuTidian, tliat is, that its 



STATIONS. 


BKA RINGS. 


DISTANCES. 


1 
2 

3 
4 
5 


N. 35° E. 

N. 831^^ E. 
S. 57° E. 
S. 34 14 W. 
N.56^^ W. 


2.70 

1.29 
2.22 
3.55 
3.23 



bearing is due north and south. Kequirinl the bearings of the 
remaining courses. 

Since the courses are changed to the west by 35°, thi^ new 
bearing of course 2 will be N 48^° E. Of course 3 it will be 
57° + 35° = 92°, or the new bearing will be N 88°. E. Of course 
4 it will be 34J° — 35°, or |° in the m^xt quadrant, or the bearing 
will be S 1° E. Of course 5 it will be 56^° + 35° = 91^°, or the 
bearing will be S 88^° W. 



EXAMPLE FOR PRACTICE. 



The bearings of a series of courses are given i\s follows: 
The bearing of the first course is changtnl to due north and south. 
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It is require'd to determine the bejirings of all the courses, due 
to lliis change. Find Ixuirings and plot the lines. 

Ans. (\)urse 2 - N (>21° E; 8 ^. N 9° W; 4 -- N <;.s W. 



UKAKINCS. 


1)1 


•^T\N<'K 


S. 21 W. 


! 


12.41 


X.KJi^ K. 




Ti.sr. 


\. XT K. 




S.-J.') 


X. 47 W. 




1.24 



Latitudes and Departures. The latitude of a [>()int is its 
distance north or south of some line taken as a ^^/y///^^/ of Uttitmle, 
or lin(? running east and west. 

The longitude of a ix)int is its distance east or west of some 
line taken as a nicrliHan^ or line running north and south. 

The distance that on(» end of a line is north or south of th(^ 
other end is the *' Difference of Latitude"* of the* two ends of the 
line, and is called its northing or southing, or its latitude. 

Thi' distance that one end of a line is east or west of the 
other end is the *' Diffi'rence of Longitude ■' of the two ends of the 
line, and is called its easting or westing, or its departure. 

The terms Latitude Difference and Longitude Difference have 
of late come into quite general favor; but while they are ix'rhaps 
more explicit,. they are certainly cumbersonus and the older terms 
will lx» adhered to in what follows. 

Tn Fig. (>2, N 8 represents a meridian, 
and E W a parallel of latitude. If we 
take tlu* line O A, its bearing as given 
by the comi)ass is th(» angh* NOA. The 
■^latitude or northing of the pjint A is 
therefore A WO A cos NOA. Its 
dep.i it ni'eoi' easting isO \\ X) A sin XOA. 
To find the hiCttiuJe (Kf a course, 
nmlliply th<' length of the course by tin* 
n.'itural rasnn of tlie bearing; and t*» lind 
the Jcjmrhft'i' of any course, multiply the 
hnglh (If tin' course by the natural s'mc of the bearing. 
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If the course be northerly, the latitude will be uorth, and will hv 
di»sigiiat(Hi by the sign +, or plus; if the course be southerly, tlie 
hititude will be south, and will be designated by the? sign — , or minus. 

If the eours(* be easterly, th(» departure will b(^ east, and will be 
<h»signated by the sign +, or jJus; if the course be west(U'ly, tin* 
ih'lKirtnn' will b(» west, and will be designated by the sign — , minus. 

Thns in the figure, OA is of plus latitude* and x>bis departun*; 
or is of plus latitude and minus departuri'; OD is of minus 
latitu<h' and minus dt'pirturc; and OC is of minus latitude and 
plus departure. 

For adeulating latitudes and departures, a set of traverse 
tables may Ix* procured; but a table of natural functions will be 
satisfactory, though ix)ssibly less convenit^nt. 

Testing a Survey by Latitudes and Departures. It is evidtnit 
til at aft(»r the surveyor has gone completely round a field or fann, 
nu*asuring all the lengths and bearings, returning to the starting 
lK)int, he has gone as far north as south, and as far east as w(^st. 
In other words, if the work has been dom? correctly, the algebraic 
sum of the latitudes must equal zero, and the algebraic sum of the 
deiKirtures must equal zero. This condition, howev(?r, will seldom 
be attiiined, and it b(?comes necessary to decide how much error 
may lx» ix>rmitted without necessitating anoth(T survey. This will 
d(»ix?nd upon the nature of the work and its inq)ortance, and a 
surveyor will soon determine for himself his factor of error, 
de^x^nding partly uix)n his instnmient, partly uix)n ^x^rsonal skill, 
for onlinar}- cases. If it is mnu^ssary to dt^ixmd uix)n a ''green'' hand 
toc^irry the taix» or chain, this may prove a fruitful source of error. 

We shall now procci'd to calculate the latitudes and departures 
<){' the surv(»y as giv(Mi iH'hnv. Arrange the diagram as below with 
seven cohnnns: 



STATIONS. IJKAKINCJS. DISTANCKS. 



, S. 21 W. 12.41 

X. K'P^ K. .').sr» 

X. 12 K. I S.2."> 

X.IT^W. I 1.21 



V 



LATITinKS. 
N. S. 

.... I 11..V.M 



0.()91 

s.(m;i) I 
2.si)2 



11. ('..vj i il.:>oi 



DKPAUrriiKS. 
K. \V. 

... . 1 ll.'l 
:».si') ... 
l.Tir, . .. 
:i.lol 
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The cosine of the bearing of course 1 is 0.934.12.41=11.591 —Latitude. 
The sine of the bearing of course 1 is 0.358.12.41= 4.443— Departure. 
The cosine of the bearing of course 2 is 0.118.5.86 = 0.691 + Latitude. 
The sine of the bearing of course 2 is 0.9a3.5.86 = 5.819 -f- Departure. 
The cosine of the bearing of course 3 is 0.978.8.25 = 8.069 + Latitude. 
The sine of the bearing of course 3 is 0.208.8.25 = 1.716 -f Departure. 
The cosine of the bearing of course 4 is 0.682.4.24 = 2.892 -f Latitude. 
The sine of the bearing of course 4 is 0.732.4.24 = 3.104 — Departure. 

The latitudes fail to balance by O.CHU chains, and the departures 
by 0.012 chains. The error of ''closure" of the survey is then^fori.* 



2 2 

Er=-^|.(>)1 + .012 =0.0f)2 + chains, or approximately 4W feet. 

This sum may be divided up among the courses in proportion to 
the length, or the bearings may be correcteil, or partly one and 
partly the other, as will hereafter be explained. 

Balancing the Survey. Before proceeding to the calculation 
of the content of a field or farm, the survey must be balanctni; 
that is, the latitudes and departures must be corrected so that their 
sums shall be equal, or shall balance. As to whether the bi^arings 
or lengths shall be corrected, will depend somewhat uix)n the 
conditions under which the survey was made. If the surv-eyor has 
reason to think that the error is entirely in the bearing of one or 
more, or even of all of the courses, the corrections may be made 
accordingly. If, on the other hand, one or more of the courses 
were measured over difficult ground, it may be presumed that the 
error occurred in those lines. If, however, there is no reason to 
believe that one course is in error more than another, the 
differences may be distributed among the courses in proportion to 
their length, according to the following proportions: 

As the length of any course is to the sum of the lengths of all 
the courses, so is the correction of the latitude of that course to 
the total error in latitude of all the courses » 

As the length of any course is to the sum of the lengths of 
all the courses, so is the correction of the departure ofthut course 
to the total error in departure of all the courses. 

The practical application of these proportions to balancing a 
sur\'ey will be illustrated from the preceding problem: 

For course 1 . . . 12.41 : 30.76 : : .r : 0.061 . . . . x = .0246, correction for latitude. 
For course 2 . . . . 5.86 : 30.76 \\ x \ 0.061 . . . . x = .0116, correction for latitude. 
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For course 3. . . . 8.25 : 30.76 :: x : 0.061. ...x = .0164, correction for latitude. 
For course 4 . . . . 4.24 : 30.76 .: x \ 0.061 . . . . x = .0084, correction for latitude. 

Since the sum of the north latitudes is the greater, the corrections will be 
subracted from them and ad^ed to the south latitudes. That is to say, the 
correction for course 1 will be. added to 11.591, the result being 11.6156. 
The correction for course 2 will be subtracted from 0.691: that for course 3 
will be subtracted from 8.069; and so on. 

For course 1. . .12.41 : 30.76 :: .r : 0.012. . ..r = .0048, correction for departure. 
For couj;so 2. . . 5.86 : 30.76 :: .r : 0.012. . ..r = .0023, correction for departure. 

For course .3.. .. 8.25 : 30.76 :: x : 0.012 t = .a)32, correction for dei)arture. 

For course 4 — 4.24 : 30.76 :: x : 0.012 c = .0017, correction for departure. 

The corrections are to be subtracted in this case from the west departure 
and added to the east departure. 

Ill this example, the errors are small, but often they will be so 
large as to raise doubt as to the accuracy of the survi^y. In such a 
case, go carefully over all the computations, and, if the error is still 
too large, check the exterior angles of the figure (their sums 
should equal 360°), and if necessary reix^at the surv(\v. Having 
corrected the latitudes and dep^irtures, the corrected bearings of the 
courses may be deduced from the trigonometric ratio: 

rr, V . corrected departure 

Tan. bearing = , i i T.. — ^ — 

corrected latitude 

Calculating the Content. After a field has been surveyed, its 
content may be calculated by dividing it up into triangles, trai)e- 
zoids, etc., calculating the various contents, and adding them 
together. This, however, is at best a cumbersome metliod, involv- 
ing much work of calculation and great chance of error. The 
method of latitudes and dejmrtures is at once simple, easily applied, 
and easily checked. 

Before proc^»eding to develop a formula for this m(»thoil, it will 
be necessary to illustrate and define certain terms. 

Draw a line, as N S (Fig. 63), through the extreme t.L^r or wrst 
comer of the field for a meridian. From the definitions previously 
given, the diflference of longitude of the two ends of a line is the 
departure of the line. I B is therefore the departure of the line 
A B. The departure of the line B C is L C; that of E F is S F; 
and that of A F is O Q. 

The perpendicular distance of each station from the given 
meridian is the lofigitude of that station^ plus if east, minus if 
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west. Thus th(» longitude of A is zero; that of B is I B; that of C is 
1 B + L C; that of E is O Q + F S; and that of F is O Q = 
ZS — FS. 

The difference of latitude of the two ends of a line is called the 

latitude of the line. Thus the 
latitude of A B is A I; that 
of BO is BL; that of E F 
is E S. 

The distance of tlu^ middle 
of any side of a field from the 
meridian is called the hnujl- 
tude of that sld(\ Thus the 
longitude of the side A B is 
GH; thatofBCisJX^GH 
+ K M + MX; and tliat 
of A F is WV = OR — QR 
Fig. 6.3. — QP^ the minus signs being 

used in this instance because the lines E F and A F bear to 
the west. An analysis of W V will show that it equals O R 
(longitude of i)receding course) + [ — R Q (one-half depirture of 
l)receding cours(0] + [- QP (one-half deimrture of the course 
itself)]. 

To avoid fractional quantities, double the preceding expres- 
sions and then deduce a general rule for finding double longitudes. 
The double longitude of the first course eijuals the departure 
of that course. The double longitude of the second course ecpials 
the double longitude of the first course, x^lus the departure of the 
first course, ]}\\\b tin* dc^parture of the second course. 

The doahle longitude of any course equals the double loiuji- 
tude (f the preeedincf nnrrse, j>lus the departure of the precedi)i(j 
course^ plus the departure of the course itself 

We sliall now imx'eed to deduce a rule for determining areas 
by double^ longitudes and d(»partures, and shall first take a three- 
sided liel<l, as in Fig. (Vi. 

Drawing a line tlirougli tlu^ most westerly conu»r A, we s(H' 
tliat the area of the field will b(» th<^ difference between the area of 
the tnqx'zoid I) 1> C M and tlu» combined ar(\-i of the triangU's 
DBA and A C M. The. double area of the triangle D B A is the 
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pnxUict of D J^ by D A, or thi» double lougitndo of A B l^y tlic 
hitiludi* of A B. The resulting proiluct will be north or plff,s, 
Th(? double area of the trajx^zoid D B C M is the product of (D B 
+ M C) = 2 G H, by D M, that is, the double longitude of B C by 
its latitude. The resulting product will be south or tnhuiH. TIk^ 
double area of the triangle A C M will be the pro<lu(»t of 51 C^ by 





Fig. 64. 



i^'xiX, 65. 



A M, or the double longitude of the course A C by its latitude. 
The resulting product will be north or plus. Adding togetlier, 
then, the plus products, and subtracting from the niiims product, 
gives as the result the double area of th(* field. 

We shall next take a four-sided field, as in Fig. ih). 

It is evident that the area of the field A B C D is tlie ditference 
between the sum of the areas of th(» two traix'zoids 'V B C K 
and R C D E and the sum of the areas of the triangles A B T 
and A D E. 

The double area of the triangle A 1^ T is the x)nxluct of B T 
by A T, or the double longitude of the course A B by its latitude. 
The result will be a north product or p/tf.s. The double area of tiie 
trapezoid T B C R will be the product of (T B + C R) ^-=: 2 L P 
by T R — that is, the double longitude of the course B V by its 
latitude. The result will be a south product or /// /// ;/.v. The dou])li» 
area of the trai^ezoid R C D E will be tlie jn-cxluct of (R C ^ 1) 1]) 
= 2 F K, by R E, or, the double longitude of tlie course C^ D 
by its latitude. The result will be a soutli pnxlnct or miims. 'I'luj 
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STA- 




LATITUDES. l>EPARTrREH. 


IX)UBLK DoiBLE AREAS. 


TION 8. 






N. 


8. 1 E. 1 W. 


TUDES. N. ' S. 


1 



S. 21= W. 
X.831^; E. 


12.41 
5.86 
8.25 
4.24 


0.679 

8.053 
2 884 


1 

11.616 

5.821. 

1.719 


4.438 


4.438 51.552 

5.821 3.952 


4 X.47 W. 


3.102 


13.361 107.596 

11.978 1 34 545! 


A 












REA = 47.2' 


n S<i. Ohs. = 


4 ncros 2 root 


s 37 8<i 


146. Oa3 51.552 
_ 51.552 
2 5M.541 
47.271 
. percho.s. 



(loublti area of the triangle A D E will be the prcxluct of E D by 
A E, or the double longitude of the course A D by its latitude. 
The result will be a north product or plus. Finally, adding 
together the north products, adding together the south products, 
and taking the diflFerence of their sums, gives as the result the 
double area of the field A B C D. 

The same principle will apply to any enclosed area, however 
great the number of the sides. TTte area will ahimys he ane-halj 
the difference of the suins of the north and the south prodnrtH 
arising from multiplying the do^ihle longitu^Je of each course hy 
its latitude. 

For systematic computation arrange the work as follows: 

Arrange the columns as in the problem on page 83. 

Balance the latitudes and departures, putting the corrected (luantities 
above the others in red ink; or else arrange four additional columns, and enter 
them in their proper places. 

Compute the double longitude of each course with reference to a 
meridian passing through the extreme east or west station, and [)lace the 
results in another column. 

Multiply the double longitude of each course by the corrected latitude 
of that course, and place north product*-* in one column and south products in 
another. 

Add together the north proaucts and also the south products, anu take 
the difference of their sums. Divide the difference by two, and the result 
will be the area desired. 

If the survey has V)een made with a Ounter's chain, the result will be 
in S(|uare chains. Divide by ten to reduce to acres. 
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To tost the correctness of the calculation assume the meridian as passiiij; 
through the extreme station upon the other side of the held, and carry out 
the work in detail as before. 

We shall now proceed to calculate the content of the field 
given by the notes on page 83. The corrections to the latitudes 
will be found on page 84, and the corrected departures on page 85. 

The arrangement of the columns for convenient calculation is 
as dt?scrib(Kl on page 88. Upon making a rough sketch of tlu* 
course, it is found that station 2 is the farthest east; and therefore 
the double longitudes will be calculated beginning with course 2. 
From the dcjfinition previously given, the double longitude of 
course 2 is eijual to its departure, = + 5.821. The double longi- 
tude of course 3 equals the double longitude of course* 2, plus the 
di»parture of course 2, plus the departure of course )^, -= 5.821 -f 
5.821 + 1.719 = + 13.361. The double longitude of course 4 
etjimls the double longitude of course 3, plus the departun* of 
course 3, i^lus the departure of course 4, = 13.3f)l + 1.719 + 
(- 3.102) = + 11.978. The double longitude of course 1 
ecjuals the double longitude of course 4, plus thi* (h^parture 
of course 4, plus the departure of course 1, = 11.978 -f 
(- 3.102) + (— 4.438) = + 4.438. Multiplying these double 
longitudt^s by their respective latitud(*s gives the (juantities in 
the last two columns, the first binng a south x)roduct or n(»gative, 
and the other three being north products or positive. Taking the 
difference of the sums -of the (juantities in these columns and 
dividing the result by two, gives the content of th(» field, 47.271 
scjUiirti chains. Dividing by ten giv(\s 4.7271 acn^s. Reduci* to 
roods and perches, by multiplying tlie decimal part by 4 and 40 
successively. 

The result may now be checked by beginning witli tlu* most 
westerly station, and it will be necessary to recalculate the (iuantiti(*s 
in the last three columns. * 

The following problems are tak(»n from ''(xillespies Surveying" 
(Staley): 

EXAMPLES FOR PRACTICE. 

Calculate the content of the fields from tlie data tabulatinl 
below. The result, ' where foimd in stpiare meters, sliould be 
reduced to acres: 1 sq. nu»tre =: .(KX)247 acn^s. 
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(1) 



STATIONS. 



(2) 



HKAin.NCJS. 



i)isT\.Nci:s. 



y.iux^ E. 


2.73 


N. 80 E. 


1.28 


S. m\i E. 


2.20 


8. :n^^ w. 


3.r>.3 


N. .VJio W. 


3.20 



Ans.^ 1 i\cn\ hkkIs, 14 [mtcIh' 



CJ) 



STATIONS. 
I 

2 
3 

T) 

7 

8 

10 
11 
12 



HEARINCJS. 


DI 


.<rAN('KS. 


N. :j.j^ E. 




2.70 


N. a3H E. 




1.29 


S. 57 E. 




2.22 


S. 34 14 W. 




3.r)r) 


N. r)f5i2 \V. 




3.23 



Alls. 1 aero, roods, 15 jxTchcs. 



- 




— — — — — - 


heaki:j( 


;s. 


DISTANCKS. 


S. f) 35' 


W. 


2;i88.88 meters 


S.:J9 35' 


w. 


1,000.27 meters 


S. 50° 25' 


E. 


3,078.31 meters 


S. 79^ 5' 


E. 


325.00 meters 


S. 53-^ 50' 


E. 


275.00 meters 


S.48^ 15' 


W. 


200.00 meters 


N.82' 45' 


E. 


450.00 meters 


S. 87^ 40' 


E. 


186.72 meters 


N. 




8,768.12 meters 


N.84^25' 


W. 


1,898.54 meters 


S. 5 ;J5' 


W. 


3,530.60 meters 


N.84''25' 


W. 


257.50 meters 




i 


i 4,999 acres 
\ns. < 8 roo<ls 



Supplying Omissions. Tho me»tho(l of latitiidi^s and dcp.ir- 
turos may Ix? applicnl to siipplyinj? any two omissions in tin? fit4d 
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not(*s, as will bt^ explained in oonncK^tion with the "Ust^ of the 
Transit." 

Azimuth. The azimuth of a line is tht» horizontal angh* 
which tht; line makes with some other line taken as a nu^idian. 
It differs from bewaring in that it is measunnl continuously from O"" 
to 3r)0°. All descriptions of i)rop(^rty must 1k» given in* terms of 
lx»arings, but line surveys with either the compass or th«* transit 
had lM*tt(»r be given in terms of the aziunitli. 

In astronomical and geodetic work it is customary to reckon 
azimuth from the Houlh pond around fhmmjlt the trrs/^ throui^ii 




Fig. m. 

I^W. For the onlinary operations of surveyiiiLi;, howrvrr, it is 
lH'tt«*r to mct'isure the azimuth from the north iM)int to the rii^lit 

thnmgh mr. 

RESURVEYS, 

Wiiere the boundary lines of a farm or town have been obliter- 
ated and the comers lost, it is oft*Mi lu'ct^ssary to ni.ikc 
resurveys in order to re-establish them. If the corners c<in be 
found by reliable evidence, they must lie acce[)tiMl as corners i xcn 
though the second b<»arings and lengths of the lines indicite 
diffenait points. 

It sometimes ha pix»ns that some corners cnn he found while 
others cannot. In such cas(»s a series of r.nidoni lines is to be run 
with the old .bt*a rings, or with the old l)e<irings eorreeted for a 
change in d(*clination of the necKlle Ix^tween the two d;ites. 

As an example, let the n^cords in an old d<'ed give the length 
and bi»aring8 of three lin(*s as follows: (Set* Fig. <)().) 



92 PLANE SURVEYrNG 

A6 N 60** E 10 chains. 
6c N 45^ E 4 chains. 
cd S 45" E 8 chains. 

There being no definite data at liand to determine the change 
in the magnetic declination between the dates of the two snrveys. 
the lines AB, BC and CD are rmi with the given bearings and 
distances from the known comer A. The old comers h and c 
c^innot be fonnd; but on arriving at D the old comer d is discov- 
ennl at a i)oint 20.4 links S and 12"" W from D It is r(H|uired to 
locate tlie old comers b and c. 

By the method exi)lained before, the lengths of tlie lines DA 
and (lA may be computed. They are: for DA, south 82° 47', west 
17.29 chains; for rfA, south 83° 26', west 17.22 chains. 

Now the error T>(1 between the two corners is due to two 

causes: (1) the continued variation in the magnetic bearings of the 

old surveys, (2) the difference in the length of the chains used. 

The first cause alters the polygon AhcdA around the jx)int A by a 

small angle. The second cause alters the length of tlie side^s in a 

constant ratio. The difference between the bearings DA and (fA 

is the constant angle, while the ratio of the length of the old lines 

is the constant ratio. To find the bearings of the old line, then»- 

fore, each of th(^. given Ix^i rings is to ho corrected by tlu^ amount 

83° 20' minus 82° 47' = 0° 39'. To find thc^ h^ngth of the old 

17.22 
line each of the given lengths is to be multiplicnl by -^ rr-^o "^ 0.91M). 

Suppose now that the work of computation has bet»n done 
with such precision that the error in chaining must be regardtnl as 
lying in the old survey. Applying these results, we find th<- 
adjusttHl bi^arings and h^ngths of the old line to be, 

A// = N 00°. 39' E 9.90 chains. 

hr z=r N 45° 29' E 3.99 chains. 

a/ '---= S 44° 21' E 7.97 chains. 
With the new data the line may be rerun and the comers h and <• 
located, a check on the field work btMng that the* lost line should 
end exactly at d. 

It is, howev(*r, not difficult to compute the length and bearings 
of B h and C r, so that b and c may be located from the points 
B and C. 
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The principle for doing this is that the polygons A B C D A 
and Xh c d A are simihir; thns the triangles A B ^> and A D r/ are 
similar; hence th(» length B h is 

\xi n 7 A B 20.4 x 10 n « ,. i 

B /> — - D a — I— tt- = — tn ,\t\ == ll-^ links. 

A D 17.21) 

At Mie angle AB ^ =r^ the angle* A D ^/ or 70"^ 47'; hi»nce the 

iKviringof Bi is 810^47' E. 

In like manner, the triangle A B J being similar to A D d, the 

length and bearing of A D are first computiH^l. Tlu» distaiict* (%• is 

1^>.4 links, and its bearing is S 15° 08' E. The linens B h nnd C r 

are now nm from B and C, and thus the most probabh^ location of 

th(^ old comers h and c is determined 

EXAMPLE FOR PRACTICE. 

The records of an old survey read as follows: 

''Commencing at a point marked No. 5 nnd running N 62'' E 
14 chains to a stake marke<l A, thence running N 415.^° E 80L) 
chains to a stake marked B, thence N. 5^ W. 12.00 chains to a 
stake C, thence N 72^° E. 10.25 chains to i\ stake* D, thence S 
12° W f).43 chains to a stake markcMl No. )5. On running the 
lines, th(» end of the last one, instead of b(»ing at a stone marktKl 
No. 8, was 0.62 chains due E from it." Find i\\o adjusted tarings 
and lengths of the old lines; also find the disbmcc and din ctioii 
from (»ach station of the new sun-ey, and the co«:(»si)on<ling corner 
of tl ohl. 

Ans. N 78° Of)' W 2() links for A; S 74" Wh' W 56 links for C. 

DIVISION OF LAND. 

The first problem to Ix* considcnnl is that of dividing a field 
into two give »n i)art.8 by a line starting from a giviMi i)()inl. For 
example, h't it bi^ requinMl to draw from the iK>int 1). Fii^. r>7, a 
lin*» D P in such a ix)sition that the area of B r I) V shall bi» 5 
acres or 217,800 scjiiare f(M»t. 

The solution of the probh^m involves the finding of the dis- 
tanctf from A to P or B to P, and of the length of the azimuth of 
thei dividing line D P. Let a lint* be drawn from T) to the corner 
A, and suppose that the area A B r D A can b(* f(mnd. Then the 
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an?a of the triangle A P D is known, as this is equal to A B /^* DA 
niinus 5 acres. The longitude d D of the point D is also known; 
hence the length of A P is 

AP = 2 acres of A P D A divided by d D; then P B = A B 
— A P. The Icuigth and azimuth of D P are finally computed 
from the right angled triangle rf D P. To perform the comptitation 

'^ for finding the area of A B c DA. 
:^D the adjusted latitude and longitude 
departures of the courses from 
\E A to D are to be taken. The 
latitude and longitude dejiartures of 
the course D A is then found from 
the principle that the sum of tin* 
northings equals the sum of th(* 
southings; and tlie longitude deixirt- 
ure of D A is supplied in like 
manner. Completing then th(» com- 
putation, tlie area of A B c? D A is 
Fig. 67. found to be 286,688.7 scpiare fec^t 

The an»a of the triangle A D P is this quantity minus 217,800 
square feet; and the distance A P is 




AP^ 



2 X 68,888.7 
614.86 



r=r 224.26 feet 



wlience P B is 575.68 feet; and hence the i)oint P c^-in now tx^ 
locattnl from A or B. 

Tlu^ azimuth of P D is dett*rmined thus: 



(i\y 



614.36 



Tangent ./PD.=. iV = 5 75.68 + ^ ^^f^TT^^m 



from which angle rf P D is found to be J59'' 89' 26", which is tlu* 
azimuth of P D. Therefon* the length of P D is 



PD=: 



r/D 
In 7a 



St 



9()2.65 f(vt; 



and th(m the field is divid(^l by the lini* P D so that tlu» area of 
B r D P is 5 acres. 



PLANE SURVEYING 



EXAMPLE FOR PRACTICE. 

Divide the field in the above dia^am into two i)art8 by an 
assunu^ line Q P' i>iirallel to P D so that the azimuth shall be 
•45 "^ and the area Q B (? D P' Q shall be 5 acres. 

THE TRUE MERIDIAN. 

In onler to ascertain the true meridian of a given place, 
several methods may be pursued. The general j)ractice is to use 
tlie star Polaris at culmination or elongation. This star is on tlie 
meridian, nearly, when a plumb line covers it and the star Zeta, 



v...,^-:^^/' 
^''•^>.-'--^'^'' 




Fi«'. m. 



the next to the end of thi? handh^ t)f ''Th(» Dii)ixT." Sim' Fi^. 08. 

When Polaris is on the meridian, as illustratt'd in this 

instance, it is said to be at '^culmination." This star is often 
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referreil to as the north or ixAe star. It is about 1^° from the 
jiole, and revolves around the ix)le once every 23 hours and 56 
minutes. Thus it is apparent that it comes on the true meridian 
twic« each day. The arrows in the figure indicate the dir€»ction of 
the rotation. 

To Determine the True Meridian by the Compass. With 
Polaris at Eastern or M^estern Elongation, To determine the 
true meridian by means of the compass, take a plumb-line, and 
attach one end of the line to any suitably support situated as far 
above the ground as practicable, so as to have a clear field of view 
about 20 feet away. A board nailed on a tt*legraph jx)le, tree, or 
post at right angles, will suffice for this purix)se. The plumb- bob 
may be of any suitable material, of about 5 lbs. in weight, as a brick, 
stone, iron ring, or coupling. It will serve the same purix>se, witli 
as accurate results, as the most highly ix)lished or carefully manu- 
factured jjlumb-bob. The plumb-line should be about 25 fet»t in 
length, deix»nding uix)n tlie latitude of th(» place, since the altitiuh* 
of the ix)le above the horizon at any place is equal to tlie latitude 
of that place. 

Illuminate the jJumb-line just below its support by nutans of 
a bull's-eye lantern, lamp, or candle, care biding takt^n not to 
obliterate the line from the view of thti observer. Thc^ best way is 
to screen the light, and throw the light on the plumb-line by 
means of a reflector. 

Next unfasten one of the uprights of the comjmss, and place it 
on a horizontal rest at some convenient iK:)int south of the plumb- 
line*, say 80 feet in an east or west direction, and in such a 
position that when viewed through tlie ixvp-sight, Polaris will 
apix'ar about two feet Ih4ow the supix)rt of the plumb-line. It is 
customary to det(?rmiiie this i)osition by trial the night l)efore 
the obsen-ation. 

About 25 minutes before tlu? tinu* of elongation, as per table 
on page 180, l)ring the jx'ep-sight into the same line of sight with 
the plumb-lini» nnd th(» star Polaris. Before reaching elongation, 
the star will move away from the x)lunib-line, to the east for eastern 
elongation, and to the west for wc^stcrn elongation. Hence, by 
moving the ix'ep-sight in tin,' i)ro]H'r direction -that is, east or 
west- the star can be kept on the plumb-line until it ax)X^ars to 
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reuiiiiu stationary, thus indicating that it has reached its ix)int of 
elongcition. The peep-sight will now be secured in place by a 
clamp or weight, with its exact position marked on the rest. Now 
defer all further operations until the next day. 

The next morning place a slender flag or ranging pole at a 
distance of 200 or 300 feet from the peep-sight, and exactly in line 
with the plumb-line. Next carefully measure this distance, and 
take from the table (page 130) the azimuth of Polaris, corresponding 
to the latitude of the station of observation; find the natural 
tang(»nt of this azimuth, and multiply it by the measured distance 
from the pi»ei)-sight to the rod. The? j^roduct will express th;,* 
distance to be laid off from the rod, exactly at right angU^s to the 
direction already determined — that is, to the west for easti^rii 
elongation, and to the east for wesU^m elongation; and this ix)int 
with the peep-sight, will define thn direction of the meridian with 
sufficient accuracy for the needs of local surveyors. 

The position of the jx>l(? star may hv found by means of the 
two stars /8 and a in the l)owl of the '*The Dipix^r'' (Fig. f)8), which 
are c<'illi»d the ''jpointers" because of their ix)inting approximately 
to the* ix>le star. 

THE TRANSIT. 

Construction. The transit is used for measuring horizontal 
and vertical angles directly, and for measuring bearings indirectly. 
It consists of a telesco^x? mounted in standards attadied to a dividcnl 
horizontiil plate, the telescope S(»rving to define accurati'ly tlie line 
of sight; while the horizontal plate, divided into degrees, minutes, 
and twenty or thirty seconds of arc, mak(»s it i)ossil)le to nieasnn* 
small horizontal anglers. Th(» instrunuMit is i)rovided with a tlirec- 
or four-screw lt»veling base, by means of which it is attaclu'd to 
the tri^xxl. 

The telescoix) is similar in construction to that of the Wyi' 
level, but is shorter and of less magnifying i)ower, a ixnvtT of from 
24 to 20 diameters being about the avt^nge for the ordinary transit. 
The eye-i^iece may be (»ither inverting or (greeting, but th(^ former 
is to Ik^ pn^ferrtnl. 

Sinc^» the* principil function of thi* transit is to sccnri' align- 
ment, the telescoiK' must be cajjabh' of movement in a vertical 
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plane, and to that (»ik1 is siipiK)^!^! in the standards by a transverse 
axis, jx^nnitting the telescoix* to Im^ ''transited," tliat is. turned 
through a (*ouipleto vertical circle. 

For measuring horizontal angles the instrument is arranged 
with an up^x^r and a lower motion, sometimes chilled the iipjx^r and 
th(* lower *'limb.-' The lower limb is siipix)rted by the leveling 
bas(» by means of a liollow conical axis; and into it is fitted, in tiini, 
tlie conical axis of the ui^pi^r limb. Each limb may he turneil 
indeixnidently of the other, or they may be clamiXH^l together and 
to tlie levelling base. The lowc^r limb carries the dividtnl circle 
and the ni)ix'r limb the vernier. For ordinary purix)ses the 
circle is divided to one-half degrees, and reads to single minutes 
by means of the vernier. It may also be divided so as to read 
to 20 or 80 si'conds, and occasionally to 10 seconds. The divisions 
of tlie circle, however, shoidd not be so crowded as to render *the 
reading difficult, and' the graduations should be proix3rly adjusted 
to the magnifying ix)wer of the telescojx?. 

The v(4*niers may be set at right angles to, or parallel with the 
line of sight, or at 30" thereto. With the verniers parallel with 
tlu» line of sight — that is to say, directly imder the telescojx^ — or 
making an angle of 80° with the line of sight, the observer 
can read the angles without moving from his ix>sition, thereby 
avoiding the risk of disturbing the instnmient by walking around 
it. Se(» Fig. 09. 

For h'veling the instrument, there are j^rovided two level 
tubc»s set at right angles to each other. These are showm in the 
figure. One of them is attached to the upper plate, while the other 
may be nttacluMl (»ith(»r to the upjx^r plate or to one of the standards. 
On acc'oiuit of hick of si)iice these level tubes are quite short. 

The four-screw leveling base may consist of two parallel plates 
connecttHl to each other by a oni^half ball and socket joint, 
or the upix'r plate may be Replaced by a ribbed casting. The 
four leveling scr(»\\^ rest in cups ujjon the lower j^late and 
extend through the up[K'r i)late or casting. The leveling base 
is attached to the instrument pro^x^r, and th(^ whole is attachinl 
to the trijxxl by screwing to a casting firmly attached to the 
legs. The verticil axis is furnished wMth a hook, to which may 
be attached a plumb-line for the accurate centering of the instni- 
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mmil- A sliiftiiig t*enU'r is also pro%'i(led^ by meiiiis of which, aft^T 
thi' ijistnittient has been approximately ceut-ered ovt*r a stake, it 
may b^wtfTuraloly adjitsikxl by loosenixig the leveling scruw,^ and 
ahjftiiig the iiifttrnm*'nt npon the lower leveling himv, Siae Fig. i\\h 




Fife'. 139- 

The tliree-fttTew k*vt?ling base is iiecefts^irily larger aiid tbffers 
in deUtii from I hi- fonr-flcn^w* The tipper [»l;»te enrryirig the Bt-rt'WS 
is |»i»rmiMH*urly attaehed U> tht^ iiistnimc^nt; tuid the lower riuh of 
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tht* scTi^ws rt'St n|Kiii tlit^ tri^KRl nLStiti|^, to which it is attadji*tl hy 
a Kiiiglt' reuler srrrw fitU-d with a strong f?innil spring th?it i?iigM-gi*s 
iiixiii a timwlt'ut uix>ri thi* vrrtiail stxis of the InstruiTiwit. 8^'*? 
Fig, 72. 




Fig. m 

Tlir four^Bci'L'VV bfij?*' roiiinKvruk itsdf from thi^ fnc-t tliut it can 
quickly Kh! ti/vt»!i*tl approxitiiately; lyjtl, no niMitor Jmw unif*h the 
throiHlfl art^ worn, tin* jufitnijiu'iit tNui Ik* hrou^^ht tu a Bulid btfariiig* 
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Tin* thrt'i^-sci^w boB*% however, is more easily maiitimlai.t*<l, jiikUiII 
ibngrr of binding thf* ficnnvB and sprin^iog the plat(*8 is obviiittHi, 
Wbiclievt^r typ* of inBtrtiment is preferred, the sci^ewB shoirld work 




Fig. 71, 

stuootbly and fveidy* tiiid tin* pitrlj should Im^ adjuskd to i\w 
ftiMisitiwiiews of t\w bubblies, 

Mo«t trnnsiti^ nw filtt'd with ;i » nMi|wiHs svi iji tin' iipiJt-r plate 
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Pig. 72. 



bctwiHrn the ^l^uHlanls; l)iit fcr city workJrirumuliiti<n», etc. 
icjiiifm;^}^ U ilisptnfMHl with> 
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Par iw(»Monfig vc*rtical angles, the transit is fittetl with a 
v<*rtii*iil arc or circle dividefl tisually to otie-half ilegrot*8, ami 




Fig. 7a 

fmAln^ U^Btm^U miniTtc^B by I lit* vi*rnit*r A hnvl tnh<^ may also b<^ 
uttiK'hiHl li> Ihi* uinU^r side of the telei^i'tiiN*; iiihI when ill is* is 
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provided the transit may be used as a leveling instrument. 
A striding level resting ii^x^n the standards may also be providtxl, 
by moans of which the instrument can be more accurately leveled 
than by the short hovels uix)n the upj^x^r limb. See Fig. 70. 

The telescoiK* should always be provided with stadia wires, 
either fixed or adjustable, though the former are preferable. See 
article on **Stadia." 

The gradienter screw is a device attachtnl to the clamp of the 
telescoi)e, by means of which grades can be establishiKl, and 
horizontal distances, vertical angles, and differences of level can bt? 
m(»asured with great rapidity. See article on *' Gradienter" in 
Part III. 

Surveyor's Transit. This instrument is the plain transit, 
cai)able usually of measuring horizontal angles only, but occasion- 
ally fitted with a vertical circle or arc for measuring vertical angles. 
See Fig. 69. 

Engineer's Transit. When the instrument is provided with a 
vertical circle or arc, a level underneath the ttdescope, with or 
without gradienter screw, it is called the engineer's transit. See 
Fig. 70. 

Tachymeter. This term, meaning rapid meaaurer^ has of 
recent years been applied to an instrument having a li^v(4 attiichcnl 
to the telescojxN a verticiil arc or circle, and stadia wires. Such 
an instrument is adapted to the rapid location of points in a 
suney, since it is cai>able of measuring the three co-ordinates of a 
point in space, «'. ^., the angular co-ordinates of altitude and 
azimuth, and the radius-vector or distance. The coniimss and 
gradienter are auxiliaries in the measurement of angles; and an 
instnnnent having them in addition to tlie essential features 
mi'utioned above, is more perfectly adaptcnl for tachymetric work. 
See Fii<. 71. 

Theodolite. This t(»rm is appliinl to an instrmnent so con- 
structed that the telescope will not transit, but, in order to take 
backward sights, the t(»lescoije must be lifted out of its supports 
and tunu^d end for end. Scn^ Fig. 7»]. 

Transit-Theodolite. This nami? is applied to an instrument 
in wliich the telescope not only can Ix? transitcnl, but also lifttAi 
out of its supix^rts and turned end for end. S(h? Fig. 72. 
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Adjustment. When used merely as an angle-measurer, the 
following adjustments should be test^i and, if necessary, corrected: 

1st. To ascertain If the huhhle tubes are per-jyendieular to the 
vertical axis of the instrument. 

To test, attach the instrument to the triixxl and '*set up" firmly 
on solid ground, preferably shaded from sun and wind. Revolve 
the transit upon its vertical axis so as to bring the bubble tubes 
parallel to a pair of diagonally opposite leveling screws. Bring the 
bubbh* of one of the tubes to th(^ center by means of these screws. 
Do the same with the second bubble tube. Adjusting the second 
tube will throw the first one out, but rejx^at the alternate operations 
until each bubble stands in the center of its tube. Now revolve 
th(» instrument uix^n its vertic^d axis through 180°, and note if the 
bubble of each tube still stands in the center. If so, the tubes are 
in adjustment. 

If the bubble of either tube runs to one end, bring it half-way 
back to the center by raising the oj)ix)site end of the tube by means 
of the capstan-headed screw. Relevel the instrument by the 
leveling screws, and again test the tubes. Rei^eat th(» ojX:*ration, 
until the bubbles stand in the centers of the tubers in all i)ositions of 
the instnunent. It is advisable to carry out this adjustment as 
precisely as possible, as it will facilittite the remaini^^g adjustnunits. 
If after several trials, it is found imjx)ssible to adjust the bubbh^s 
to the* centers of the tubes, either the vertical axis is bent or the plat(*s 
are signing, and the instrument should be sent to the maker for 
correction. If one tube adjusts and the other does not. the fault is 
in the tube, and a new one should be ortlc^red. 

2d. To make the line of collimation revolce in <i phin(\ or, 
in other worcls^ to make the line of ooHi motion perpcmliruhir fo 
the horizontal a^ris of the telescope* 

To test, having made the first adjustment, level the instnnneiit 
can»fully and clamp the upix»r limb. Drive a stak(» into the «^n)un<l 
alxmt 800 feet ahead of the instrument, and driv(» a tack in the 
head of the stake. By means of the lower motion revolv(» th(» 
instrument on its vertical axis until the intersection of the cross- 
hairs approximately covers the tack. Now clamp tlie lower motion, 
and can?fully adjust the line of siglit u[K)n the tack by means of 
th(> lower tangent screw. Without disturbing eitlier tlie npix*r 
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or the lower limb, transit the telescoix?, that is, revolve it vertically, 
and sight to a tack in the head of a stakti driven into the ground 
about 300 feet behind the instrument. Carefully adjust th(» tack 
to the intersi^ction of the cross-hairs. Now unclamp the lower 
motion, and revolve the instrument upon its vertical axis until the 
intersection of the cross-hairs again covers the tack in the tirst 
stake. Clamp the lower motion, adjust the line of sight carefully 
by means of the tangent screw, again transit the telescope*, and 
sight in the direction of the second stake. If the intersi^ction 
of the cross-hairs falls uiK)n the tack in the second stake, i\w line 
of cdllimation is in adjustment. If it does not, it will have to 
be adjusted. 

In Fig. 74, A is the ix>sition of the instrument, and B is the 
forward stake. If the instrument is in adjustment, the lini* of 
sight after transiting the telescojx^ and revolving \\\yoi\ the vi»rtical 
axis should strike the jx^int B'. If the instrmnent is not in 



Fig. 74. 

adjustment, the line of sight after transiting the telescope will 
in the first instance strike souk* \yomi as C. Drive a stake at tliis 
point and carefully center a tack. After revolving the instnunent 
upon its vertical axis and again transiting the telescope*, the line 
of sight will fall at a point C ' as far on one side of B ' as C was 
on the? other. Drive a stake at C ' and carefully center it. Can»fully 
m(»asure the distance CC; and center a stake at B', half-way 
b(*tween the two ix)ints. Now, by mt^ans of the cai)stan-heade<l 
screws attached to the diaphragm carrying the cross-hairs, movi* tin* 
cross-hairs until their int(»rsection covers th(* ix)int B", midway 
between B' and C. Now reix^at the oixTation of testing the 
adjustment and correcting the i)osition of the line of collimation, 
mitil tilt* ix)ints B and B' are in the same straiglit line. 

It is necessary only that th(* liiie of collimation shall be 
accuratt*ly in adjustuu*nt; but for convcMiience in using the transit 
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as an aiigle-measurer it is desirable that the vertical cross-hair be 
fit right angles to the horizontal axis of thc^ telescope when the 
instrument is l(»vel. 

To test this, set up the instrument at some convenient ix)int, 
200 or 1500 fei»t from a wall, tree, or other convenit»nt object, uxx)n 
which a tx>int is clearly defined by a tack or otherwise. Carefully 
level the instrument, and cover this ix>int accurately with the low(^r 
extremity of the verticil hair. Clamp the horizontal axis of the 
telcscoix*; and by means of the tangent-screw slowly move the 
tel<*scoix^ in a v(»rtical plane, and note if the hair continues to cover 
the ix)int from one extremity to the other. If it does, th(* hair is in 
its proixT position. If not, loosen the diaphragm screws and turn the 
(lia[)hnigm vertically until the hair covers the jxnnt from cMid to 
end. This adjustment will disturb the hist oiu^ and the two must 
b<' tested and competed alternately until in p'rfect adjustnu'iit. 

If i\w transit is to be ust^d for leveling, it is necessary that the 
horizontal cross-hair be in the oj^tical centi^r of the object glass. 

To test, set the instrument uj) finnly 2(K) or 8(K) feet from a 
wall, tree, or other convenient objc^ct, and, after leveling, carefully 
center the intersection of the cross-hairs ui)on a well-defined iK)int. 
damp the axis of the telescoix*, turn th(^ iustruinent uixni its 
vertic^d axis through 180 "", and carefully center a ]xjint u^x^n 
the intersection of the cross-hairs in this new [)()sition. Clami) th(^ 
vertical axis, unclamp the telescoi)e axis, transit thti teh^scoiK*, and 
carefully center the intersection of the cross-hairs ui)on tlie first 
ix)int. Now clamp the tcdescoix^, loosen tht* vertical axis, and again 
n»volve the instrument through ISO. If the line of colli ination 
again strikes the second iK)int, the horizontal cross-hair is in 
adjustment. If not, c^arefully center this third iK)int, bisect the 
distance between the second and third points, and move* the cross- 
hair diaphragm until the inters(»ction of the cross-hairs covers 
this fourth xx)int. This adjustment will disturb the last two, and 
the thr(»e must btj rei)eated in succ(*ssion until accurately adjust^nl. 

^kl. To 7ii((ke the hor]z<intal (UvIh of the telescope pevpendte- 
vlar to the vertieal axis of the InHtriime/tt. 

To test, set up the instrument as exphiined for thi* last adjust- 
mc^nt, and, after l(»v(?ling, center carefully a ix)int at <»ach extremity 
of the horizontal cross-hair. Turn th(» instrumt^it \\\)o\\ its vertical 
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axis and transit the telescoix^, bringing one extremity of the 
horizontal cross-hair upon one of the points previously established. 
If the other extremity coincides with the second i)oint, the axis of 
the telescope is in adjustment. 

If the axis is out of fidjustment, the method of procedure is 
best illustrated by Fig. 75. 

A A ' is the line covered between the extremities of the hori- 
zontal wire or hair whcm the axis of th(» t(4(^scoix^ is in adjustm(*nt. 
If it is not in adjustment, the wire will in the first position of tht* 



Fig. 75. 

telescope cover the line A B, and in the second position the line 
A B'. Therefore bisect the distance B B', and raise or lower the 
adjustable end of the ti^escojx^ axis until the wire covers A A'. 
Now re^xnit the t(»st, and the correction if necessary. 

4th. To make the axis of the telescope huhhle tuhe parallel to 
the line of colllmatlon of the telescope, . 

This adjustment should be tested and corrected by the "peg'' 
method as follows: Select a i^iece of comparatively level ground, 
drive a stake, "set up" the transit over it, and carefully level by 

< 20^ 



•150'- 



150' 



Fig. 76. 



the plate levels. Next drive two stakes into the ground, one in 
front of the transit and the otlu»r at the same distance bt^hind it. 
In Fig. 70, C is the jx)sition of the transit, and A and B are two 
stak(»s, each 150 feet from C. D is a fourth stiike behind B and in 
line with it from C. The transit being leveled by the plate lev(»ls, 
bring the bubble of the telescope tub(» to the center of the tube, by 
mt»ans of the tangent-screw attaclunl to the horizontal axis of the 
telescoi^e. Hold a lev(»l rod upon A, ml just the target to the 
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horizontal cross-hair, and note the reiuling. Unclamp tht*. lower 
motion, turn the transit upon its vertical axis, and note the reading 
of a rod held upon B. The difference of the readings of the rod 
held upon the two points will give the true difference of level, no 
mattt^r how much the telescope level may be out of adjustment. 

Now take up the transit and remove it to the point D. 
Carefully level the transit by the plate levels, and iigain bring the 
bubble of th(j telescope tube to its center. Hold the rod uix)n the 
[joint B and note its reading. Do the same at the point A, and 
take th(» diffiT(»nce of the two Headings. If tlic* tel(»scoi)e level is 
iu a<ljustm(Mit, this difference will be the same as found when tlie 
iiistnnnent was over the point C Oth(»rwis(^ tlie tube is out of 
adjust nH»nt and will be correctt^d as follows: 

Let x rei^resent the difference of level of A and B when the 
transit is at C. 

Let 1/ represent; the difference of level of A and B wlien th(j 
transit is at D. 

Let 2 rejjresent the difference between ./• and y. 

If 1/ is greater than x, subtract z from th(* rod reading upon A 
for the transit at D, and set the target at this new reading. Re- 
volvti the telescope ujx)n its horizontal axis, by nutans of i\w 
tangent-screw, until the horizontid wire accurately bisects the target. 
Now clamp the telescojje axis, and bring tlu^ bubble to tlie centt^r 
of the tube by means of the capstan-headtHl screw at one end 
of the tube. Again hold the rod uix)n B, and tlien uiK)n A, and 
tak(^ the difference of th(Mr readings. If this difference now agrees 
with the true difference of elevation of the two points, the adjust- 
ment is complete. Repeat the operation as often as may be 
necessary. 

If y is less than ./•, add 2 to th(» rod reading u|X)n A for the 
transit at D, and set the target at tliis new reading. Bisect tlie 
target by the horizontal cross-hair as before, (\lanip the horizontal 
axis, and bring the bubble* to th(» center of the tube. Test and 
n*p^at as descrilx^d bi^fore. 

Some transits arc* providtnl with an adjustable vernier to the 
vertical circle or arc, which should read 0' when tlu' telescoiK' is 
horizontal. The former adjustment having been ccmipleted, the 
vernier can thi'U be readily fixed in phice. 
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Tlie cross-hair interseotioii should bo iu the center of the field 
ot vision of the eye-piece, and this adjustment may be made by 
means of the capstan-hi^ad screws attached to the ey(»-pi(»ce tubt\ 

To **set up" the transit. Lift the instnnuent out of the 
1k)x by phicing the hands underni'atli the plates. Avoid lifting it 
by the telesco^x* or the standards. In attaching it to the tripod be 
careful that th(^ threads engage jjroperly, and screw it down firndy. 
Examine i\w triixxl legs, and see that they are properly attaclied 
to the trii)od head, neither too tight nor too loose. See tliat the 
triixxl slioes are tight, and, before taking up tlie instrunn^nt, 
lightly clamp all tlie movable parts to X)revent unnecessary wear 
and straining. Carry tluvinstnnnent in the most convenient way, 
taking care not to hit it against trees, lamp-ix)sts, doors, etc. 

To center the transit over a stake, rest one U'g of the triixxl 
upon the ground, and, grasping tlu^ other legs, pull the instrument 
in th(» X)roiJ<'r direction to cover the stake. Now attach tlu* phnnb- 
line, and after bringing it to rest as close to the top of the stake 
as xx)ssible, note if the iK)int is directly over the ix)int in the 
stake. If it is not too far oif the center, it may Ik* brought 
closer by forcing the opjjosite leg into th(* ground or by a furtlu^ 
sj)reading of the h^gs. After tlu^ instruuKMit has been ai)proxi- 
mately centennl, it may be accurately adjusted by means of the 
shifting head. The oxx^ration of "setting up'' is difficult of 
dc^scription, and facility can hi) attaincnl only by practice. Avoid 
having the jjlates too much out of It^vA, as this will result in 
unnecessary straining of the leveling screws and plates. 

Having c(Mitered tlu^ instrununit over the stak(», level it up by 
the levels u^x^n the horizontal plate. To do this, turn the 
instrument nixyn its vertical axis until the bubble tubes an* 
parallel to a pair of diagonally ()pix)sit<* platc^screws. Now, a^ 
you stand facing the instrumcMit, grasp the scr(»ws b(^tween*th(» 
thumb and forefinger, and turn the thumb of the left hand in th(* 
direction the bubWe must move. Turn both thumbs in, or both 
thumbs out. Adjusting one tube will disturb the other, but adjust 
each alternately until the bubble of each remains in the center. 

To measure a horizontal an^le by means of the transit. 
Set up the transit over the ix)int C\ Fig. 77. Set the verniers 
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to rt^id 0°, and clump the iip^xT liuib. Now n»volve the transit 
upon its vertical axis by the lower motion, and sight to A. Clamp 
the lower motion, and accurately adjust the intiTS(»ction of the 
,^ cross-hairs to the jjoint by means of the 
lower U\ ngent-screw. Now unchimp tlu* np^x^r 
limb, and turn it npon its iipixT vertical 
axis to the iK)int B. Chnnp tin* nx>l>iT limb 
and adjust th(i line of sight by tin* upj^xT 
tangent-screw. Th(^ aiigh* will now be found 
recordt^d nx)on tlu? horizontal circle. If it bi'coincs necessary to 
rc],x»at tlii^ angle, loosen the lower motion, and, without disturbing 
th(^ nj^ix^r xJat(», tnni the instnnnent back to tlie point A. Next 
chimx) the lower motion, loosen the upjxT, and turn the t(4escojX' 
to the jx)int B. The smn of tlie two measured angles will now be 
found recordinl U],X)n the horizontal circle. Kr[Mat as often as 
necessary, and divide the total horizontal angle l)y tlie numbi'r of 
re],K'titions for the i^robable value of the anglt* A B C 

The ojx^ration of -laying off a certain angle is essiuitially the 
same as the preceding, except tliat after the xx)int A has been 
centered and the required angle laid oft' upon tlie horizontal circle, 
the -tack in the stake B must be moved back and forth mitil it is 
accurat(^ly centiTed at the intersection of the cross-hairs. 

To survey a series of lines by means of the transit. ^Set up" 
tlie transit over the point A, Fig. TS, and make tlie verniers read 
()\ Hare the north end of the plate ahauK that is, in the 
direction of the survey. If a true meridian line has previously been 
laid out, the di*cli nation of the /^ 
needle may be det(»rmined from it. 
Without disturbing the up^xT 
plate, turn the transit ^x\}^^n\ its 
lower motion, and center uiK>n B. 
Let the ncunlle down w\a>w its 
pivot, and as soon as it has come 
to rest take the bearingof the line 
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Fit:. 78. 



AB. To measun* the length of tlu^ line, hold one end of the lajx' or 
chain directly under the ^Kiint of the X)lumb-bob, and semi the head 
man in the direction of B. As In* reaches the end of his ta^je. 
phici* him accurately in line by the vertiad hair. For this purpose 
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the telescope should be turned in a vertical plane to bring tlie 
int(*rsection as closely as possible to the top of the stake. Now 
repeat this oijeratiou until the point B is reached. Move the 
transit to the point B, and set it up as before with the north end of 
the plate ahejwl. Transit the telescope, and examine the verniers 
to see if they r(*ad 0°. By means of the lower motion, center uxx>n 
A, lower the iHH'dhs and take the bearing. Now clamp the lower 
motion, transit the telt^scoix*, and revolve the uj^ikt x)lat(* so the 
telescoix* i)oints to C. Read the angle, which is that betwren A B 
produceil and B C. Also read the bt^aring from the compass. Now 
measure B C as explaineil Ix^fore, take up the instrument, and s»'t 
it up at the ix)int C. Continue thus until the series of lines have 
been surveyed. 

The angles measunxl are those indicated by the dotted lines 
(Fig. 78), and are calhnl deflection angles. 

It is desirable in work of this character to calcuhitt? the iMr^al^ing 
or azimuth of a line from the deflection angle, and to check the 
result by the comiwiss. Referring to the figure, the rcM'ords of tlie 
survey will he kept as follows, using the left-hand i)iige of the 
transit or field book and starting from the bottom of the imgi^i 
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It is not absoluU»ly necc^ssary xii the method describcnl above, 
that tlie verniers should be set to read 0° bi»fore aligning the 
instrument, ijrovid(*d that the verniers are n*ad before turning off 
the a]igl(\ For instance, if tlu* vtTiiiers read 40° 15' after the 
instrument is set ux^over a stake, and after sighting along a certain 
line, read 60^ 15', tlu* angle b(»twe< mi the two lines is the difference 
of the reading of the verniers, or 20°. 

As already <'xplained midiT "the compass," the direction of a 
line may be given by its azimuth. If azimuths are computed from 
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the north to the right through 360°, the azimutho for the preceding 
case will be as follows, as illustrated by the diagram: 

Since the bearing of the first line A B (Fig. 79), given by 
the comxmss, is S 85° E, its azimuth will evidently be the difference 
tx'twiH'n 180° and 85°, or 95°. Since the second line B C 
dcfliK^ts to the right by 31° 30', its azimuth will evidently be tht; 
sum of the angles 95° and 31° 30', or 120° 30'. Since the third 
line C D deflects to the left 51° 0', its azimuth will be the differ- 
ence of the angles 120° 30' and 51° 0', or 75° 30'. The fourth 
lin<» I) E d(»flects to the right 52° 0', and th(irefore its nzimuth will 
'»(^ the sum of the angles 75° 30' and 52° 0', = 127"* 30'. 




Fi^r. 79. 



The same diagram may servi? to illustrate th(» mcth(Hl of 
deducing the bearings of a series of lines from tlic dctlcction 
angles. Since the bearing of the first line as given ])y the comx)ass 
is S 85" E, and the second line deflects to the riglit ol° 30', it is 
evident that this second line decreases its easting by that amcmnt, 
so that its bearing will be the difference between 85 "" and 31° 30', 
- S 53° 30' E. Since the third course deflects to the left by 51° 
0', its l^earing to the east will be increastul by this amuiuit, but will 
pass into the northeast quadrant by 14° 30', making its Ijearing 
(K)°— 1-1^ 30', -- N 7.V 30' E. The fourth course deflects to the 
right 52° ()', returning to the southeast (quadrant by 37° 30', 
making its bearing <K) -37'' 30', or S 52' 30' E. 
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Traversing. This is a UK^thocl of observing and rt»cordiug tLe 
directions of a stoics of linens of a survi^y, so as to read off, uix)U 
the liorizontal circli*, th(» anglt»s that the lin(»s niakci with some 
other line of the survey, which may be* either a true meridian or 
some line adoptcil as a nu*ridian for that survey. 

Before starting out upon a traverse, it is best to hiy out upon 
the ground a true meridian, t^itluT from observations on Pohiris or 
by means of the ''Solar transit." as will be t^xplaincd later on. This 
lino should be 3(X) or 400 feet in length, clearly defined by stakes 
carefully centered, one of the strikes prefi»rably being the first 
station of the survey. The transit can now be set over this st<ike, 
and the line of sight carefully centertnl upon the second stake by 
means of the lower motion, the verniers first having been set to 
read 0"". The subsequent operations can best be illustrated by a 
diairram. 



/ 







Fig. 80. 



. First lay out a meridian through stiition 1 (Fig. 8 )), and 
define it by a stake driven 300 or 400 feet away towanls N. Botb 
of these staki?s should be carefully " witnessed," that they may be 
recovered at any tini(\ To begin the sur\'ty, carefully center the 
transit over station 1, with verniers set to zero; turn the instrunuMit 
upon its lower motion until th(> line of sight approximately 
covers the stake at the north end of the meridian, and can^fully 
c(Miter it by tlie lower tangent-screw; low(*r the com^wss necnlU^ (i 
there is one), and note and record the magnetic declination. Next, 
with the lower motion securely clamped, unclamp thcMip^xT motion, 
and revolvi^ the upper plate in tln^ direction of station 2. (^lamp 
the upjxir motion, and carefully c(Miter the line of sight by the 
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upper tangcMit-scrrw. Note and record tht; angle iixx)ii the plate, 
which will bt* the azimuth of the line 1 2. Measure the distance 
from 1 to 2, and noU» and r(»cord the* comixiss Ix^aring as a check. 

Now, with tlu^ upi^er motion S(*curely clam|XHl, remove the 
transit to st^ition 2; and carefully center it over the* stake with the 
north end of tlie plate aliead, that is, in the direction from 1 to 2. 
Transit the teh'scojx', michnnp tlie lowi»r motion, and bring the 
line of sight to cover station 1. Can^fuUy center it by the lower 
tangent-screw. Clami) the lower motion, transit th(» telescoix% 
unchimp the up^xT motion, and revolve the up^HT jjhite until the 
line of sight falls uix)n station 3, carefully centering it by tlu» 
upj^KT tangent-screw. Read and record tlie i^late angl(% which will 
be the azimuth of the line 2 3. Measure the distance from 2 to 3, 
and read the blearing of the ne(Hlle for a check. 

Now see that the upix»r plate is securely clamix'd, move the 
instruuKMit to station 3, and proceed as b<*fore: and so on through- 
out the travt»rse. 

After moving the transit fnmi one station to another, the 
horizontal circlt* should be read, to set* that the plates have not 
slipjx'd as may occasionally hapix^n, particularly when tin* clam[)s 
are worn or when the instnunent-man inadvertently loosens the 
wrong screw. For this reason, if for no other, it would se<'m safer 
to set the verniers at zero at each station, measure tht* deflection 
angles, and calculate the azimuths. 

Tn carrying out an extended travt^rse, it is desirable to lay out 
a true meridian from time to time, to check the azimuths and the 
declination of the needle. 

For city work, the engineer sjiould lay out a true meridian 3()0 
or 40() feet long, and maik the extremities of the line ])y ix'rma- 
lU'ut monuments set in tin' ground and carefully i)r()tected from 
disturbance. To do tins, in sonn* convenient place [X'rmitting an 
miobstrueted line of sight, drive a large stake, and mark its center 
by a hollow-heade<l tack. Center the transit carefully over this 
[K)int, and i>i-oeee(l to lay out a true meridian. pref<'ra])ly witli the 
solar attachnieni. M.irk the direction of this line by a second 
stake carefully centered by a tack as before. Now, about 2-*) feet 
from the first stake, and in line with it and the second stake, 
excavate a hoh' in the gronn<l alwmt three fi'et in diameter and five 



lir> PLANE SURVEYIXG 



feet deep, nv deej) enough to be below the frost line. Next build 
a fomidation of eoncrete about two feet square and three feet deej). 
Before this lias ''set", insert in it acut-stone post about nine inclies 
square at its lower end and of such length that its toj) will come 
just below the surface of the ground, and having set into its top a 
oopper bolt about | inch by 4 inches. The ix)st may be centered 
in the concrete by means of the transit, and should be set "x^hunb". 

Now locate and build a second monument in line with thr 
second stake and a few feet from it. Aftefr the concrete luis set 
fimdy, again set the transit carefully over the center of the first 
stake, and accurately align it by the tack in the second stake. Now 
"Xjlunge" (reverse) the telescoixs and carefully center a point in the 
top of the copixT bolt; mark this point with a stei»l punch. In the 
same way center a ix)int in the. top of the bolt of the second monu- 
ment. Th(» monuments may l)e protected by enclosing them in c^ist- 
iron val ve-lx)xes with covers. Either one or both of these monuments 
may be used as "standard" b(?nch-marks from which all the levels 
and grades may bi* ascertained. For this i)urpose a city datimi 
may be assununl, or blotter, the Ix^nch-mark may be connected by a 
line of levels with a bench-mark of the U. S. Coast and Geodetic 
Survey, or, if such is not available, with a bench-mark of the 
nearest railroml. 

The following article upon traversing describes a method of 
using the transit somewhat different in dt»tail from the pnxMxling 
article*. It offers a concrete example, and illustrates the method of 
recording the notes of o- survey. 

TRAVERSINQ. 

The term " traversed," which was originally associatt»il with 
navigation, is commonly used by surveyors to define a series of 
lines whose lengths and relative directions are known. Fig. 81 
shows a traverse T P R S W X. It is required to locate a point X 
from T, which cannot be done directly on account of dense mider- 
brush, woods, and other natural obstnictions. Some other means 
must therefore ho providt^l, which may be in the form of a series 
of short cords, ns T P, P R, R S, S W, and W X. It sometime^ 
occurs that while there may be no obstruction betwet^n tht» jx^ints, 
the distance from one ])oiiit to the other is of such a length that 
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it is impossible to secure an accurate line of sight. Several 
points, therefore, must be estublishtKl in order to reach the desired 
spring X. Traversing, as will be evident, is particuhirly applicable 
to the survi»y of long and circuitous routes through territory 
presenting natural obstructions to long sights. It is almost 
universally adopted in filling in the details of maps bastnl on a 
system of triangidation. As examples of traversing, may be 
mentioned the survey of highways, railroads, river banks, shores 
of lakes, and property boundaries. 

In the United States government survey, when a traverse is 
nm to mark the divisions between private estates and bodies of 
water regained as public property, it is call(Hl a meander line. 

The transit is particularly adapted to traversing, and is so set 

at each station that the azimuth 
of each line can Ix^ din^ctly read. 
If the survey is made in a 
locality where no system of latitude 
and longftudc* has been est^xblished. 
tht? magnetic uu'ridian may be 
taken as th(» nu»ridian of an azi- 
muth. At the first station the 
V(Tnier is set at zero; and by means 
of tlu* lo\v(T motion the instrument 
is turned so that the north end of 
th(i needle ix^ints to the north on 
tlie compass limb. Th(* lower plate 
being clani[H'd, the up^x.^ one is 
miclampeil. Now, if a sight bi' taken at any object, tin* reading 
on the vernier will be the azimuth c()rres]M)nding to the bearing of 
that object. The last sight reading taken at tlie first station, is 
towanls the second station of the traversi^ line. 

The instrument is then placed over the second station, and the 
vernier set at the back azimuth of tin* first station. The azimuth 
of any line from the second station will now correspond with its 
bearing as bc»fore. Th(» readings of the needle are regarded as a 
rough check on the azimuth, with which they should agree to the 
nearest eighth of a degree. For exanii)le. at station A (Fig. 81) 
let the bearing of AB be N 74 L")' E, and let its azimuth be 74 ^^ 
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15 ' . On placing the instrument at B, let the vernier be set at 
254" 15', a sight tiiken on A, and the lower plate clamped. The 
azimuth of BC will be 143'^ 02', the veniier being set at 323'' 02' 
on arriving at C. The limb is placed in the proper position by 
sighting back to B. The telescope is not reverst»d during any part of 
the work. At each of the stations, sights may be taken to surround- 
ing objects; and if the distance to an object is measured, this, 
together with its azimuth, locates it with respect to the station. 
The fit»ld notes are kept as follows regarding the above stations: 



BKARINCi. 




AZIMUTH. DISTANCE. 


OHJKCT 8I(JHT8. 


Station B 
S 74 '^ 15' W 

S 37° 00' K 
Station.C 
N 37'' 05' W 

8 42" 45' E 


254 15' 

325 42 
196 24 

194 10 

32;J 02 

28() 13 

276 15 
1(>4 07 
l.T) 15 




528.3 
250 

490.7 

490.7 

98.5 
501.6 


Station A. 
Ijarge pine tree. 
N. E. corner of 

John Doe's house. 
S. E. corner same liouse. 
Station (\ 

Station B. 

N. E. corner John Doe's 

house. 
S. E. corner same house. 
Fence corner. 
Station D. 
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FiK. 82. 
The field notes with offsets are taken from the traverse line, 
and are best k(»pt as in Figs. 82 and 83, tlie bearing of a line b(Mng 
writttui u\yo\\ one side of it, and the* azininth uix)n the other side. 
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Where no offsets are taken, the field notes are kept as above. The 

large pine tree is located by azimuth, and the distance at station 

B, as is also the fence comer at station C. The honse of John Doe, 

however, is located by azi- 
muth taken from B and C, 
the line BC forming the 
base, from which its dis- 
tance from eitlit^r (»nd can 
be computed. Where a 
traverse is run , a ch< *ck must 
always bt^ employi^d so as 
to ascertain the accuracy 
of the work. In a closed 
traverse, such as one around 
the boimdaries of a farm, 
this is easily obtained, since 
the sum of the northings 
equals the sum of the south- 
ings, and th(^ sum of the 
eastings etjuals the sum of 
Fig. 8.3. the westings. In Fig. 81, 

th(^ trav(TM^ C N S W X F G, which bt^gins at C and ends at G, 

is cliecb^d in the field on arriving at G, for the azimuth of FG must 

agree with that previously obtained; 

also in computiition the differences 

of latitudes and longitude between B 

and C must cnpial tliose derived from 

tlie main ix)lygon. It should be 

remarked that the object in taking 

the Ix'ariug is to check gross 

error in tlu» azimuth during the 

progress of the work. If the tnie 

meridian has b(H»n established in the 

nt^ighljorhood of a survey, the azi- Fig:. 84. 

ninth sliould Ik* taken from it instead of the magnet V meridian. 
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EXAMPLE FOR PRACTICE. 

Compute from the above iiott^s the length of the W(?st sidi* of 
John Do(^'s house Obtain the same result without computations 
by plotting the dist^inoe. 

THE STADIA^ 

Attached to the diaphragm carrying the horizontal and vertical 
hairs, are two auxiliary horizontal hairs called "stadia" liaii*s or 
wires. These hairs may b(? either fix(»d in position or adjust^ibh* 
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but the fixed hairs are tlu* bcttiT for Held use and cost much less. 
See Fig. 84. Any instrument-maker will equip a level or a 
transit with either fixtnl or adjustable^ stadia wires, and they slioidd 
b(» included in every outfit. 

The stadia is used for measuring horizontal distances and 
differences of elevation, without the ust^ of chain or tape or other 
apparatus except the leveling rod or a sp<^cially graduated stadia 






B 
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rotl. It is bascnl m\)o\\ the i)rinciple of \\w similarity of triangles. 
Thus, if tlu^ stadia hairs an^ spaciKl so as to intercept one foot u^xDn 
a rod lield at a distance^ of on(* hundred f(M*t, tlie rod interct^pt 
for any oth(»r distance will b<* in direct proiK>rtion to the first. 
See Fig. 85. 
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Unfortunately the construction of the telescope of an engineer- 
ing instrument modifies the above simple statement, and a fonnula 
for tlie use of the stadia will now be deduced. 

Li't O in Fig. 86 be the optical center of ilm object-glass of 
the ti'lescoix.\ This point may be assumed at the center of the 
K'ns, and the error involved in such assumption is inappreciable 
und may be negh^cttnl. 

Let SSi be a portion of the stadia rod covert^l by the stadia 
hairs CCi. From C and Ci draw the lines CSi andCiS through the 
optical center of the object-glass. Ujx^n looking through the eye- 
piece of the telescojxi, C will be seen a'" at Si and Ci as at S. 
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Call i the distance bi'twcnm tlui stadia hairs, ,v tlie intercept 
ui)on the rcxl, y the distance from O to the wins, and (/ the 
distance of the rod. from O. 

The triangles COCi and SOSi are similar, and therefore w(» have 
th(^ pro|X)rtion 

i: s :: /' : d 

therefore ^/= -•^-. -• (1) 

Buty varies with d. That is to say, if the rod were to bo 
moved closer to the instrument, as at CiD, the lens would be moved 
farther from the wires, or the wires from the lens, and in eitlier 
cas(* th(» wire interval would intercept a shorter space wixyn the rod, 

as S2S3. The ratio - ; — , or its (Hiual , will therefore van' 

for each position of the rod. But however they vary, we have from 
a well-known principle of optics: 



122 PLANE SURVEYING 



^- + -^= ^ (2) 

in which f is the principal focal distance of the lens, and /' ' and 
d are any pair of conjugate focal distances. Substituting the 

value of ,. f from (1) in (2), there results the equation 

d=={s+f. (3) 

Equation 3 gives the distance of the rod from the lens. 
We can establish some very inqxjrtant relations: 
In Fig. 87 lay off OF' = OF = principal focal distance of 

lens =f. 

C and Ci being the stadia wires, draw C D and Ci E parallel to 

the axis of the lens, and through F' draw D Si and E S; then will 

S Si = the intercept upon the rod. 

The distance of the rod from the point F' is 

d' =d-fr={f S +/)-/=/ S. 

From the similarity of the triangles EF'O, SF'B and S2F'B', we 
have: 

F'O : OE :: F'B : BS :: F'B' : B'S.. 

Therefore the ].x)ints S, S2, F', and E lie in the same stmight 
line; and therefore, wherever the cross-hairs are situated, or, more 
strictly, whatever may be the position of the leus, the visual lines 
defin(Hl by the stadia wires will intercept the elements of the cone 
of light defined by SF' Si. 

All distances must b(^ measured from the center of the 

instrument; and therefore to the expression d = . s -{■ f must be 

added a quantity that will re^m^sent the distance from the center 
of th(» lens to the plumb-line. This (quantity is variabli', of course, 
but an average^ value is usunlly tak(ui. Call this (piantity (\ The 
quantity /'may be? found by focusing the instnnnent on a star, and 
measuring the distance from the center of the lens to the cross- 
hairs. We can therefore determine the (iuantityy+ c. This, 
however, is usually supplied by the instrument-maker, and with 
greater precision. 
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The complete equation, therefore, for any distance measured 
with the stadia, is: 

d=X-s + (f+c) (4) 

If, then, upon level ground we lay off the distance f + c in 
front of the plumb-line, drive a stake, nu»asure from this stake a 
distance of 100 or 200 feet, or any other convenient distance?, and 

f 
note the rod intercept, then in the formula rf' =' , s, d' and s are 

ineasurt»d, and we can detennine the ratio . ; or, if f has bcH»n 

previously determined, we can detennine the value / or the distivncc 
bc^tween the cross-hairs. 

f 
The ratio -- being known, distances am be found from 

equation 4. It is usually most convenient to make this ratio 100, 
so that at a distance of 100 feet the wires will intercept one foot 
upon the rod. 

The rod may Ix^ either an ordinary hoveling rod, or a stadia 
rod divided specially for the telescoix^ and wires. When the rod is 
specially graduated, it may btj in either one of two ways. Eitlier 
it may be graduated so as to give the distance* from F', in which 
case the quantity /*+ c will have to be addcHl in each instance; 
or it may lx» graduattnl to give distances from tin* center directly. 

If the rod is to be graduated six'cially, procetnl as follows: 

Carefully level the line of collimation of the tclescoix', and lay 
off from the plumb-line the distance f + r. From the jwint 
thus establishtnl measure off any convtMiient distance, as oiK) fet»t, 
on a horizontal plane. S(»t up the rod, not yet graduated, at this 
point, and hold it carefully iXTixMulicular to the line of sight from 
the telescope. This can best be done by nu^-ms of a plumb-line. 
Be careful to eliminate all i)firallactic motion of the wires on the 
rod, when thi» eye is movcnl up and down before* the eye-pi(»(»e. 

Mark on the rod very carefully the n]>]Kirent plnce of the lower 
win*. This should be about one-quarter the length of the* nxl from 
one end if th(^ horizontal distance first Inid otf is alx)nt one-half 
the greatest distil nee for which tin* rcnl can be used. The niiddh' 
wire will then bt? at about the middle of the nxl, and the upix»r 
one at about one-quarter the length of tin* rod from the other end. 
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Mark the latter point carefully. The wire interval for a space of 
500 feet from F' has thus been found. One-fifth of tliis spacer will 
be the wire intercept at a distance of 100 feet; twice tlie si>aco, 
the intercept for 1,000 feet; and so on. The intermediate si3aces 
can thus be graduated. It must not be forgotten that in using 
the rod thus graduated, the quantity f -{- c must be added to the 
distance indicated by the rod, to reduce tlie distance to tlu* center 
of the instrument. 

If the rod is to be graduated to give distances from tlu» center 
of the instrument directly, procetnl as before, marking the sjiacis 
ujxDu the rod corresponding to the dist^mces measured upon the 
ground. The quantity f -]- c will not now have to bi* added 




to the distances giv(Mi by the rod; but for every point other than 
that for which the rod is graduated, the distance will be in error 
by souu> fractional i)art oi f -\- <\ The rc^ason for this will h 
fix^panuit by reft^ring to Fig. 87. If the distance is l(»ss than 
that for which the nxl was graduated, the rod readings will indiciite 
too small a distance; and for a distance greater than the standard, 
the rod readings will indicate a distance too great. It is therefore 
more exact to mark the wire internal at 100 fe(^t, 200 feet, and so on 
through the U»ngth of the rod. Each space thus determined can 
be dividtnl up as desired; and tlie error involved in any reading 
will then be much smaller than if tlu^ rod were graduate<l for a 
single standard distance only. 
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Thus far the rod has been assumed as held perpendicular to 
the line of sight, which of course will always be the case when 
using the stadia in the leveling instrument. The stadia, however, 
finds its greatest usefulness in connection with the transit, when 
the line of sight is seldom horizontal. If, at the same time the 
rod intercept is read, the vertical angle is jaoted, differences of 
elevation may be determined, as well as the distances. 

A formula will now be deduced for reducing inclined readings 
to the horizontal, and for determining differences of elevation, the 
rod being held vertical. 

In Fig. 88, let the angle of inclination of the line of sight to 
th(j horizontal plane be called BCN = FBD = I. This angle 
will be measured upon the vertical circle of the transit. If the 
rod be held perpendicular to the line of sight, the intercept upon 
tlie rod = D E = *. Represent the rod intercept when the rod is 
ht'ld vertical by « ' . Now since the angle F D B = 90° nearly, 

D E = F G cos I, or 5 =^' cos I. But C B = ^,8 + (/+ c) = 

f 
- . s' cos I + (/*+ c). Therefore the horizontal distanct' to the rod 

= C^. B cos I = --C*' cos'^ I + (/ + c) cos I = N. The vertical 
distiince of the point B above the horizontal plane through the 
axi^i of tlie telescoixi = B N == C B sin I = ^ ^' cos I sin I + 

if + c) sin I = i '.-h' sin 2 I + (/' + c) sin I. 

h 

For vertical angles less than 5^ the quantity (/+ <•) sin I is 
U^ss than 0.1 (/* + c) and may be neglected. 

The Use of the Stadia in the Field. In using the stadia wiri's 
in level country, no special instructions are necessary, as the line of 
sight is at all timers horizontal. Over very uneven ground, th(* 
us(j of the lev(4 and stadia is very limited. However, there arc 
ofU^n conditions in which the stadia win^s in a leveling instrumi'iit 
are a very great conveniences The range of the instrununt may 
sometimes be increased by using the center wire together with one 
of the stadia wins, but the instrument should be carefully tested 
to ascertain if the stadia wires are ecpially spaced with reference to 
the middle wire. 
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For extended surveys over uneven country, the transit and 
stadia are particularly adapt(*d, and especially for filling in details 
, of an extended toix)graphical survey. , The saving of time and 
expense are imix)rtant elements in favor of the transit and stadia 
as compared with the transit and tai^e; and with a little practice 
and attention to details the results should be fully as accurate. 
Certainly, when an engincHT must depend ujXDn unskilled help to 
carry the tape, there can Ix^ no choice as to which to use. 

For use with the stadia, the transit should be provided wnth a 
complete vertical circle, reading to minutes at least; and a level 
tube should be attachcnl to the telescoi^e. The eye-piece should be 
inverting. Before starting out uj^xju a survey, the transit should 
be carefully tested and corrected through all of its adjustments. 
The field operations are then as follows: 

Set up the instrument over a principal station of the survey, 
and level it carefully. If a solar attachment is available, it will be 
desirable to lay out a true meridian, from which the dt^clination of 

the needlef may bc^ determincnl. 
Now determine the height of the 
cross-hairs by holding the stadia 
TcA close to the side of the 
instrument, and noting the height 
of the center of the horizon till 
axis of the telescope. Locate 
Pig. 89. tlie second station carefully, and 

turn the teleseopt^ \\\iO\\ th(^ horizontal axis until the center wire 
cuts the division uiM)n the rod (held ui)on the ground) representing 
the height of tiie axis of tlie instrument alx)ve th(» ground at the 
first station. Now determine the azimuth of the line connecting 
the two stations, read tlu» vertical angle of the telescox)e, and 
determine tlie rod intercept. Enti'r th(^se it(»ms in the field book 
and proceed to take* observations \\\p\\ sub-stations (called ''side- 
shots''). 

Tlie same program is to 1h» rejjeated for each ciise, except that 
the side-shots may or may not b(» taken \\\yo\\ iK)ints indicated by 
stakes. The i)rincii)al stations of a stadia ailrvey should be 
l)ermanent; the stak(»s shonld be drivi^n, and "witnessed'' so as to 
be easily recovered. 
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Having now Icx^ated all the necessary jx^ints from the first 
station, remove the instrument to the second station, and set it u]) 
with the north end of the plate in the direction of the survey. 
Having carefully leveled the instnmient, determine the height 
of its axis as before, and send the rod back to the first station. 
Transit the telescope, and sight upon the rod as before. Read 
vertical angk» and stadia rod, and determine azimuth, and these 
will serve to check the former determinations. 

In moving from one station to another it is advisabki to set 
the scale of the horizontal circle to zero. Transit the teU^scoix* 
ngain and locate the next station; and soon throughout the surv(»y. 

The i>rincii){d stations of a stadia survi»y may havtj bi'cn 
locat(Kl by a i)revious triangulation, in which case it will probably 
1m» n(»cessary to locate intermediate stations as thc^ survey 
progressi»s. Or all of the statioiis may be locatetl during the 
progn»ss of the survey. The courses conn(»cting the i)rincipnl 
stations form the "backbone'' of the survey, and the aziniutlis 
and distances should be checked at every op^wrtunity. 

In keeping the field notes, represent the principal stations by 
triangles, as ,^i /\% ^8, etc.; and the secondary stations by circles, 
as ©1 ©2 ®8i etc. 

Below will be found an exami)le of the nietluxl of keeping 
notes. Use the right-hand pag«» for sketches, or for such a<l(litional 
notes as may be n(»cessary. 
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Stadia Rms. Telemeter or stadia nxls are made of clear wliite 
pine well seasoned, about I of an inch thick, from 4 to 4i inches 
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widi', and from 10 to 1(> ftn^t long. They are protected l>y a metal 
slioe to keep tlu* lower end from Ixnng battered or split. The rod 
is stiffent^l by having a piece 2^ Indies wide along its back, 
(ri'nerally a st^idia rotl is hinged at the center for greater con- 
v(*nienee in transportation, and at the same time it is providtnl 
with a bolt on the back to jjrotect the graduation and to hold it in 
lx>sition when in use. 

A self -reading U»vel rod may be used for distances if the wires 
are adjustable (see Figs. 89 and 84), or if the wire interval has 








I 

FlfT. 91 
been determined in standard units. The rods 
used in connection with this grade of work ditfer 
from thosi* employed in ordinary leveling. 
Tliost' 'vith gradiiiitions have the inner surface 
n'crssrd to jjrotivt the graduated surface, and 
an' pniiited wliite with the scale in black. The 
forms of graduation are ditferiMit on ditfen^nt roils. In some, the 
unit of mcasun' is the* meter, wliile others have the foot, as will be 
described later. WluMi telemeters are in use, they an^ OXX'n, laid 
Hat, and held securely in line by ilie brass clip (or bolt) above 
rel'erred to. Tli(\v are sometimes provided with a t^ii^et. 

In order to have tin* rcnl held in a jxTfectly vertical ix>sition, 
a small t«*lescoiH' is sonu^imes attached to its side, by means of 
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which the rodmau can U*ll whether the rod is in a vertical plain*. 

Figs. 90 and 93, D, show two types of graduations siiit<ible 
where the meter is the unit. Fig. 93, D, has for many years btHm 
us(h1 by the Unitcnl Stiites Coast and Geodetic Survey as w(41 as 
by the United Statc?s Lake Survey. The angles of graduation divide 
tlie rod into two centimeter inter\'als. Fig. 90 shows the tcxI used 
on tht* survey of the Mexican border. The graduation is ai^ixjrent. 
and no further explanation need here be given. 

Figs. 92 and 93, C, are types suitable where the foot is th(» unit. 
In Fig. 92 the width comprised between the ends of the joints divide 
into five equal j^iirts, the vertical black lines taking up two of these 
differences. The diagonal then gives one hundrtnlth of a foot, and 
jx'nnits Headings din^ct to single fiH^t. Fig. 91 shows a plain 
nxl without scale, and the unit is the foot. Classes A, B, C, D and 
¥j, Fig. 93, belong to the resixictive surveys liS indicate<l. 
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TIME OF ELONGATION AND CULMINATION OP POLARIS. 



DATE IN 1899. 


EA8T 


UPPER 


WEST 


LOWER 


ELONGATION. 


CULMINATION. 


ELONGATION. 


CULMINATION. 






h. 


m. 


h. 


ra. 


h. 


m. 


h. 


m. 


January 


1 





41.9 


6 


36.7 


12 


31.5 


18 


34.7 




1.-) 


23 


42.7 


5 


•41.7 


11 


36.2 


17 


39.4 


Frhruarv 


1 


22 


a5.5 


4 


34.3 


10 


29.1 


16 


32.3 




15 


21 


40.3 


3 


39.0 


9 


33.9 


15 


37.0 


March 


1 


20 


45.1 


2 


43.6 


8 


38.6 


14 


41.8 




15 


19 


50.0 


1 


48.8 


7 


43.5 


13 


46.8 


April 


1 


18 


43.0 





41.7 


6 


36.5 


12 


39.8 




15 


17 


48.0 


23 


42.8 


5 


41.5 


11 


44.8 


Mav 


1 


IG 


45.2 


22 


39.9 


4 


38.7 


10 


41.9 




15 


15 


50 3 


21 


45.0 


3 


43.8 


9 


47.0 


Juno 


1 


14 


43.6 


20 


38.4 


2 


37.1 


8 


40 4 




15 


13 


48.7 


19 


43.5 


1 


42.2 


7 


45.5 


July 


1 


12 


46.1 


18 


40.9 





39.6 


6 


42 9 




15 


11 


51.2 


17 


46.0 


23 


40.8 


5 


48.0 


Autjust 


1 


10 


44.7 


16 


39.5 


22 


34.3 


4 


41 5 




15 


9 


49.8 


15 


44.6 


21 


39.4 


3 


46.6 


September 


1 


8 


43.2 


14 


38.0 


20 


32.8 


2 


40.0 




15 


7 


48.3 


13 


43.1 


19 


37.9 


1 


45 1 


OctolxT 


1 


G 


45.5 


12 


40.3 


18 


.35.1 





42.3 




15 


5 


50.5 


11 


45.3 


17 


40.1 


23 


43 4 


XovtMubcr 


1 


4 


43.7 


10 


38.5 


IG 


;i3.3 


22 


;W3.5 




15 


;j 


48.5 


9 


43.3 


15 


;te.i 


21 


41.3 


DccemlxT 


1 


2 


45.5 


8 


40.3 


14 


.T).l 


20 


.38.3 




15 


1 


50.2 


7 


45.0 


13 


:i9.8 


19 


43.0 



AZIMUTH OF POLARIS AT ELOXGATIOX. 



YKMJ. 
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;«) 






.35 




- 


40 






45 
44 


.0 




.-)0 







5.5 
08' 




r.NN) 




21 


2 




24 


.9 




29 


.8 


;w 


.0 




.54' 


.4 


.3 


r.K)i 




20 


.8 




24 


.6 




29 


.4 




.35 


•^i 




4.3 


.6 




.^>4 


.0 


2 


07 


.8 


19()2 




20 


..5 




24 


.2 




29 


.0 




.35 


^,\ 




43 


.2 




5.3 


.5 


2 


97 


.2 


UX13 




20 


.1 




2.3 


.9 




2S 


.7 




.34 


.81 




42 


.7 




5.3 


.0 


2 


06 


.6 


IJK^ 




19 


.8 




23 


.5 




28 


..3 




.34 


.4 




42 


.3 




52 


.5 


2 


06 


.1 


1JX*5 




19 


.4 




2.3 


.1 




27 


.9 


• 1 


'M 


.o' 




41 


.8 


1 


52 


.0 


2 


a5 


.6 


hm 




18 


.4 




22 


.1 




26 


.8 




.32 


.8 




40 


..5 




50 


.0 


2 


05 


.0 


1JX)7 




18 


.7 




22 


.4 




27 


.1 




.33 


.2 




40 


.9 




51 


.0 


2 


(M 


.4 


liM« 




19 


.1 




22 


.1 




26 


.8 




.32 


.8 




40 


..5 


^ 


50 


.6 


o 


m 


.9 
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Declinatiiins west of the line of 7crn dt-clinallcn are - , thosi* cast are -f-. 



PLANE SURVEYINa 

PART 1 1 1. 



THE GRADIENTER. 

The vertical circle or arc of tin* traiipit or tlicodolite, under 
ordinary circunjstanceH, furnishes the nu';iii.s uf nH*:i>nrinir the* 
vertical antrle through which the line uf eolliination i^ tiinu^d, or, 
on the other hand, of turning the line of collitnation tliroiitrh finv 
desired vertical ancrlo. Mueli of tlie work of tln^ cnrnju'er consists 
in measuring slopes or grades, or in setting n line at a certain 
slope or grade; and the data are given, Jiot in Irnns of tlie vt'rtical 
angle directly, hut usually by tlie amount of ri.-e or fall jx-r I'lO 
feet. Tlius, a ride or fall of 2 feet in 100 frrt i-^ <Ksit:naU(l .-is a 
2 per cent grade; a rise or fall of 50 feet to the mile w(»ul<l be 
designated as a 0.95 per cent grade, etc. TIm5 ntio of tlusr two 
quantities, ?•//?/? (ovfaU) to rritrh. is evi<lently tin* n:tini;il tangent 
of the angle of slope; and before the vorticMl cireli* can 1m^ \\<vi\ for 
setting off such slopes, the mtio must be transformed into di'i_frees 
and minutes of arc. 

The tangent-screw of the liorizontal axis of tlir telet^eope, 
without the aid of the vertical circle, pr()vi<l(»^? the in»*;iiir' i>f quick- 
ly and accurately setting off .slnpt.«s directly, wlien the vtTtienl 
angle does not exceed fifteen or tw»*nty <h'e"i''e>. Ftn- tlii.s put' 
pose, the onlinary tangent-screw is replacd by a llm^ sen-w, with 
very uniform pitch and large grjidiiMicd hern], ami i\\>o a nrad 
uated scale from which may be n-ad tin* nunil»«'r o\ iur::s ordoiibn 
turns made by the screw. The graduabMl hrad liis frirtioT|.tij.rlit 
upon the neck of the screw, so tliat its index inay be made to read 
zero when the line of collimatiou is lunizoTifal; and ii is u-n:illy 
divided into fifty parts, so that, after tlu» numl.rr t.f d-niMe turns 
is read from the scale, it will givo the nnmb ■:■ < i' tiiiirtli:? of a 
single turn, or hundredths of a double turn. (S.-- I'iu:. 1* !.) 

Let the distance of the scn-w fn»m tin- axis ainM;! which the 
telescope turns, l>e represented by / and the interval IniAei-u 
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the threads by t. If the screw is turned tlirongh one revolution, 

tlie lever A I) (Ficr. <J4) is moved through the distance DE, and the 

line of colliniation through the distance BC, upon the rod PQ. 

DF BO t 

Xow, the tangent of the angle DAE = « '^ r=: — r-rr ~ ~f' '^^ 

this ratio, the maker of the instrument can give any convenient 

value, but it is customary to make it = ^ ., and it will be so con- 
sidered throughout this discussion. 

If, then, the line of colliniation be directed toward the gradu- 
ated rod PQ, the space over which the line of colliniation is 

moved for one revolution of the 

screw is -^j ^ of the distance of 

the rod from the instrument; 
and the space upon the rod over 
which it is moved for two rev- 
olutions of the screw = - -^ i^ 

J^'ip- ^- ion ^^ ^^ above distance. If 

the screw is turned through less than a single revolution, it willl^e 

indicated upon the graduated head, as, for instance, -p., of a single 

7 1 7 

turn, the intercept upon the rod being jjr X-^ -. ~ ___. of the 

distance from rod to instrument — it being understood, cf course, 
that the rod is held perpendicular to the line of colliniation in its 
initial position. The index of the graduated head ehould read 
zero when the line of collimation is horizontal, and the reading of 
the scale of revolutions ehould be zero at the same time. 

The gradienter may be used as a telemeter, as a level, or 
sim])ly as a grade-measurer, as will be explained in what follows. 

Call .V the intercept upon the rod for any movement of the 
gradienter- screw, and d the distance from the instrument to the rod. 

If the number of revolutions of the gradienter- screw is known, 
whether.^ and d are known or not, the tangent of the angle of 
inclination of the line AC is known, and the instrument is a grade- 
measurer or gradienter. 
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If the space s and the number of revolntions of the gradienter- 
screw are known, the distance d is known, and the instrument is 
then a telemeter. 

If the distance d and the number of revolutions of the gradi- 
enter-screw are known, the space s is known, and the instrument 
then serves the purpose of a level. 

As a gradienter, the instrument may be used either to meas- 
ure the grade of a given line, or to lay out a line to a required 
grade. 

(1.) Let AB (Fig. 95) be the line whose grade is required. 
Set the transit up over the point A, and level carefully. Measure 
the height of the cross-hairs above the ground by holding the rod 
beside the instrument and noting the point upon the rod directly 
opj)Osite the center of the horizontal axis of the telescope. Bring 

the line of collimation CE hori- 
zontal by means of the bubble 
attached to the telescope (the 
instrument is supposed to be in 
adjustment), and set both the 
*^* *^' indexes to zero. Now carry the 

rod to the point B, and by means of the gradienter-screw turn the 
telescojHJ in a vertical plane until the line of collimation strikes the 
point D as far above B as C was above A. Now count the number 
of full turns from the reading of the scale by the screw-head, and 
the number of fractions of a turn from the divided head. The 
former will give the rise (or fall) in/'r.f!i per 100, and the latter in 
hundredths of a foot. It must be remembered that if the screw has 
made more than a whole turn past the last number on the scale 
the reading of the head must be increased by fifty. 

Thus, if the reading of the scale is 3 and the reading of the 
head is 35, plus one whole revolution, the rise (or fall) per 100 
feet will be as follows: 




3 double turns - - 


- - - 3.00 ft. 


1 single turn - . 


- - - 0.50 ft. 


n - ^ - - 


- - - 0.35 ft. 




3.85 ft. 



So that the slope of CD, which equals that of AB, is therefore 
3.85 per cent. 



im 
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EXAMPLE FOR PRACTICE. 

If the scale reads 2 and the head 31, determine the j)ercent- 
age of elope. 

(2.) It is required to lay out in a given direction a line with 
a given percentage of elope from the point A. See Fig. 96. . 

Set up the instrument on the given point, as B, and level it 
carefully. Measure the height of the cross-hairs above the ground 
as before, and set the pointers to read zero with the bubble in the 
center of the telescope tube. Now revolve the line of collimation 

in a vertical plane by means of 
the gradi enter-screw bo as to set 
olT the required slope. For in- 
stance, suppose it is required to 
set of? a slope of 2.78 per cent. 
The screw should be turned 

five complete revolutions as in- 
Fig. 9^3. ^ 

diciited upon the scale, plus |{; 

of a revolution as indicated upon the divided hpad of the screw: 
5 




200 

28 



X 100 ft. 

1 



50 >^200X^^^^^^- 



-'- 2.50 feet, 
r:^ 0.28 feet 



= 2.78 feet per 100 feet. 
Now carry the rod to any convenient point, as G, in the direction 
of the required line; hold it in a vertical position; and note the 
height of the line of collimation. Take the difference between 
this and CE (^ AB). If this difference, as EG, is positive, it 
gives the height of the grade line above the ground and indicates 
a Jill at the point. If the difference is negative, as DE, it gives 
the depth of the grade line leloiv the ground and indicates a fyi/t. 

EXAMPLE FOR PRACTICE. 

Let it be required to set off a 3.H5 per cent grade, and 
describe the operation in detail. 

AYlien the gradienter is used as a telemeter, it may be upon 
level or sloping ground. 

(1.) ITpon Level Grounth Set up the transit at one end of 
the line, and level carefully. Bring tlie bu])ble of the telescope 
level to the center of its tube, and both gradienter scales to zero. 
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Fig. 97. 



No\y send the rod to the next station and let it be held vertical; 
ad just the tarojet to the line of colliniation and take the reading. 
Now turn the gradienter-screw through two revolutions and take 
the reading again (see Fig. 97). 
The difference of the two read- 
ings gives DE in feet; and since 
the gradienter-screw has been 
turned through two revolutions, 
CE = 100 DE. Thus, if DE 
= ;}.25 feet, CE = 325 feet. 

(2.) rpon Sloping Ground, On sloping- ground the first 
reading upon' the rod cannot be taken with the telescope horizon- 
tal, but the telescope must be revolved in a vertical plane until the 
intersection of the cross-hairs falls at a division upon the rod 
equal to the height of the cross-hairs above the ground at the 
transit station. If now the rod be held perpendicular to the line 
of sight, and the gradienter-screw turned through two revolutions, 

the intercept upon the rod will be — jtt of the required distance. 

AVith the gradienter, as with the stadia, it is more convenient to hold 
the rod vertical and apply the necessary correction to the rod reading. 
Set up the transit over a point at one end of the line and level 
carefully. Measure the height of the cross-hairs above the ground. 
Now loosen the clamp of the tangent -screw attached to the vertical 

arc or circle, and revolve the 
telescope in a vertical plane until 
the intersection of the cross- 
hairs falls upon a point (Fig. 
1)8) upon the rod held at D, such 
that i\) = AB. Itead and note 
the vertical angle after clamping 
This angle 

will be B (Fig. OS). Now turn the gradienter-screw through 
two revolutions, and note the reading ED upon the rod; the differ- 
ence between this and CD (— AB) will give EC, which call S'; 
U't F(', th(^ prrj)endi(Milar intercept uj)on the rod, be called 8; the 
distance A( \ pjirallt*! to the bIojks IF; and let the horizontal dis- 
tance AG be denoted ])y II. Then from the figure, 




Fip:. 98. 
the crnulienter-screw with both scales set to read zero 
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H' = 100 S. 
Now, from the right triangle EAG, the angle at E = 90° - 
(0 + <^); and from the right triangle FAG, the angle at F = 90° 
- 0. Therefore, in the triangle CFE, the angle at F = 180° - 
(90° ^6) = 90" + 6. 
Therefore, 
S : S' : . sin [90^ - {6 + <^)] : sin (90 + 0); 
or S : S' : : cos (6 + <l>) : cos $. 
co8(d -r <^) 



Hence S = S 



cos 



cos 6 cos d) - sin ^ sin 6 .^ 
= b = S' (cos <p - Bin <h tan $): 

but tan $ ■-- jTrry , and therefore S = S' (cos<^ -sin <^ TTwr)- 

Therefore 11', the distance along the slope, 

= 8' (100 cos </) - sin </)) ; 

and H, the horizontal distance, 

= ir cos <^ = S' (100 cos- <f> - cos <^ sin <^) 

= 8 (100 cos^ <^ - A sin 2 <^) 

= 100 S' - S' (100 sin^ <^ - * sin 2 <^). 

It may be well to note that the lower reading of the rod need not nec- 
essarily bo such as to make CD = AB, but only as a matter of convenience. 

EXAMPLE FOR PRACTICE. 

Upper rod reading = 7.49 
Lower rod reading = 4.67 
Vertical angle of lower rod reading = IS"* 35'. 
Required to find the distance parallel to the slope between B and 
I) and the horizontal distance AG. 

Ia^ it now be required to find the diiference of elevation 
between B and I) — CG. 

Evidently Vii = H tan </> = S' (100 cos'^ </> tan </> - cos (f> sin 
<f} tan <^). 

= S' (100 sin </) cos <f> - sin^ <f>) 
= S'(100 A sin 2 <f> - Bur (f>). 
In the laj^t example, deterniine the diflference of level of B 
and I). 

It must not be forgotten of course, that the gradienter used 
in this way cannot give results so accurately as the spirit level; 
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but nevertlieleBS,' for rapid work, the results will be sufficiently 
correct. 

If the student possesses a set of stadia reduction tables, the 
values of sin^ <f> and i sin 2 <f> can be taken out at once and much 
labor saved. 

To Lay out a Meridian with the Transit. 7/y mean^ of the 
North Star at Ijyj^emr Lower Culmination, Twice in 24 hours 
(more exactly, 23 hours 56 minutes) the north star "' culminates"; 
that is to say, it attains to its maximum distance from the pole, above 
or below it. At the moment of culmination, the star is upon the 
meridian and if, therefore, a line be ranged out upon the ground in 
the same vertical plane, it will define a meridian. 

Set up the transit over a peg, in an open space, giving an 
unobstructed view of a line about 400 or 500 feet long. Level the 
instrument carefully (it should be in j)erfect adjustment), and, a few 
minutes before the time of culmination, as given in the table, focus 
the intersection of the cross-hairs upon the star; clamp the plates, the 
vertical axis, and the horizontal axis of the telescope. Now by 
means of the tancjent- screws attached to the vertical axis and to the 
vertical circle, move the telescope in azimuth and altitude, keeping 
the crosshairs fixed upon the star. After a time it will be found 
that the position of the star no longer changes in altitude; it is 
then upon the meridian. Now clamp the vertical axis, plunge the 
telescope, and carefully center a stake 400 or 500 feet from the 
instrument; the line connecting the two stakes, will define the true 
meridian. 

The whole operation may be repeated several nights in suc- 
cession, and the mean of all the results taken. 

By 21 cans of the Xnrth Star at Eat<tern' or We8te?vi Elan- 
tjatinn. Twice in 24 hours, the north star attains to its maximum 
distance east or west of the pole, called its eastern or western " elon- 
gation." If a line be ranged out upon the ground in the direc- 
tion of the star — at, say, the time of eastern elongation, and again 
at the time of western elongation — and if the angle between 
these two lines be bisected by a third line, this last line will evi- 
dently be a true north and south line. 

Otherwhe, ITaving laid out a line upon the ground in the 
direction of the north star — say at western elongation — take from 
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a table the azimuth (or bearing) of the star at such time, and upon 
the horizontal plate of the transit set off this angle to the east and 
range out a line — which will therefore be a true north and south 
line. If the position of the star is taken at eastern elongation, the 
azimuth must be turned off to the west. 

Set up the transit over a peg a few minutes before the star 
attains its maximum elongation, as given by the table. Level, and 
fix the line of coUimation upon the star, following its movement 
as described under the previous method. After a time, it will be 
found that the movement of the star in azimuth ceases; the star 
has then attained its maximum elongation. Now clamp the ver- 
tical axis of the instrument, plunge the telescope, and center a stake 
in the proper direction. Xow take from the table the proper azi- 
muth, revolve the upper j)late through the given angle in the 
proper direction, and range out a line U])on the ground for the true 
meridian. 

In order to determine the azimuth of the north star at eastern 
or western elongation, it is necessary to know the latitude of the 
place of observation. 

DefnitHtns. The altitude of a star is the vertical angle at 
the instrument included between the plane of the horizon and the 
line from the instrument to the star, as given by the line of coUi- 
mation. 

The latitude of a place is eq[ual to the altitude of the pole. 

If, therefore, we have any method of determining the altitude 
of the pole, the latitude of the observer is known at once. 

The altitude of the pole may be determined by observing the 
altitude of the north star, first at its upper culmination and again 
at its lower culmination. The mean of these observations, cor- 
rected for refraction, will give the altitude of the pole and there- 
fore the latitude of the observer. See tables of refraction of Polaris. 

Set up the transit and level it, and proceed in the same man- 
neras described under the first method for laying out a true merid- 
ian. When the star has reached its maximum distance above or 
below the pole, as indicated by the line of collimation nioving in 
a horizontal plane, claiiip the horizontal axis of the telescope and 
read tlu^ angle upon the vortical circle. The result will be the 
altitude of the star, say at upper culmination. Repeat the operation 
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at lower culmination. Now, if A represents the altitude at upper 
culmination, and Aj thealtitudeat lower culmination ;c? the refrac- 
tion at upper culmination, and di the refraction at lower culmina- 
tion, then Ap, the altitude of the pole (= latitude of the place), 
will be given by the following: 

Ap = I (A t- A, -rf-./,) 

It will be well to re|)eat these observations and take the mean 
of the results as the probable altitude of the pole. 




Pig. 00. 



THE SOLAR TRANSIT, 

The solar transit is an ordinary engineer's transit fitt(»d with 
a solar attachment. Of the many forms of solars in use, that 
invented by G. N. Saefrmuller, AVashinirton, D. ('., seems lo be the 
favorite. In its latest form it is shown in Fij^. 00, and consists of 
a telescoj)e and levt4 attached to the telescoj)e of tlie transit (see 
Fig. 100) in such a manner as to be free to revolve in two direc- 
tions at right angles to each other. When tlie transit t(?lescopo is 
liorizontal and tlie bubble of the solar in th<' center of its tulx', the 
auxiliary telesco])e with its bubble revolvers in horizontal and ver- 
tical planes. 
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If now the line of collimation of the transit be brought into 
the meridian, the telescope pointing to the south, then, if we lay 
off upon the vertical circle, upward, the co-latitude of the place, 
the jK)lar axis of the solar will be parallel to the axis of the earth. 
If now the two lines of sight are parallel and the solar telescope is 
revolved upon its polar axis, it is evident that its line of sight will 
describe a plane parallel to the plane of the equator. If now the 
transit telescope be still maintained parallel to the equator, if we 
turn the solar telescope upon its horizontal axis until the angle 
betv* een the two lines of collimation equals the declination of the sun, 
then when the solar telescope is revolved upon its polar axis, its 
line of collimation will follow the path of the sun for the given 
day, provided there be no change in the sun's declination. If 
therefore the solar telescope is revolved until the image of the sun 
is brought between a pair of horizontal and vertical wires, pro- 
vided in the telescope for that purpose, at that instant the line of 
sight of the transit telescope is in the meridian. 

The horizontal axis of the solar telescope and the polar axis of 
the Bolar are provided with clamps and tangent-screws by means 
of which careful adjustments may be made. Two pointers are at- 
tached to the solar telescope, so adjusted that when the shadow of 
the one is thrown upon the other, the sun will appear in the field 
of view. There are also provided colored glass shades to the eye- 
piece to protect the eye when observing upon the sun. The 
objective and the cross-hairs are focused in the usual way. 

Adjustments of the Solar Transit. It is assumed in what 
follows that the transit is in perfect adjustment, particularly the 
plate levels, the horizontal axis of the telescope, and the zero of 
the vertical circle. 

1. To adjuHt the Polar Axis, The polar axis should be 
vertical when the line of collimation and the horizontal axis of the 
telesco|)e are horizontal. To make this adjustment, level the tran- 
sit by means of the plate levels. If the telescope is not fitted with 
a level, make the vernier of the vertical circle read zero. Now 
bring the bubble of the solar to the center of its tube and clamp 
the horizontal axis. Loosen the clamp of the polar axis, and turn 
the solar U[K)n its polar axis through 180". If the bubble remains 
in the center of the tube, the solar axis is in adjustment. If the 
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bubl>le runs toward one end of the tube, correct one-half of the 
error by revolvinti; tlio Holar t(^leseo[)e upon its horizontal axis and 
the other half by nieaus of the caps t<^n -headed screws at the base 
of the solar. 

If the telescope of tlie transit is fitted with a level, it will be 
better to test the vertical ity of the vertical axis by means of it, 
since it is longer and more sensitive than the bubbles upon the 
plate. To do this, revolve the telt^scope upon its vertical axis 
until it is directly over a pair of diagonally opposite plate arrows, 
and bring the bubble to the center by means of the tangent-screw 
attached to the horizontal axis of the telescope. Now revolve the 
telescope upon its vertical axis through 180 , and note if the bub- 
ble runs to one end; if it does correct one-half the error by the 
parallel ]>late-screw and the other half by the tangent-screw of the 
horizontal axis, and rej)eat this test and correction until the bubble 
remains in the center in all positions. 

2. To Adjust the CrosH'Ilairs of the tiolar. The line of 
coUimation of the solar telescope should be parallel to the line of 
collimation of the transit telescope. The first adjustment having 
been made, first bring the telescope into the same vertical plane by 
centering a stake by the transit telesco])e and clamping the verti- 
cal axis. Now turn the teleseo})e of the solar upon the polar axis 
until the intersection of the cross-hairs covers the same point upon 
the stake, and clamp the polar axis. Now level both telescopes 
by bringing the bubbles to the center, and measure the distance 
between the axes of the two telescopes; draw at this distance two 
black parallel lines uj)on a jneee of white paper. Tack up the 
paper against a wall, post, or other convenient object, adjusting it 
in position so that one black line is covered by the horizontal cross- 
hair of the transit telescoj)e; notice if the other black line is cov- 
ered by the horizontal cross-hair of the solar; if so, the adjustment 
is completed; otherwise, move the diaj)liragm carrying the cross- 
hairs of the solar, until the second black lino is covered. Adjust- 
ing the cross-hair diaphra<j;]n niay diF])laco the solar telescope ver- 
tically, so that the bubble should atr«'iin be brought to the center of 
tho tube, and the adjustment tested and repeated until the two 
lines of collimation are j)arallel, when tlu» two bubbles are simul- 
taneously in the center of the tubt»s. 
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The Use of the Solar Transit. An observation with the 
8olar transit involveH four quaiititieR as follows: 

1. The time of day, that is to say, the hour-an^b? of tho sun. 

2. The docH nation of tho sun. 

3. The latitude of the place of observation. 

4. The direction of the meridian. 

Any three of these quantities being known, the fourth may be 
determined by direct observation. Tho ])rineipal use of the solar 
transit is to determine a true meridian when the other three quan- 
titles are known. 

To Lay Out a True Meridian. Set up the transit over a stake; 
level the instrument carefully; and bring tho lines of collimation 
of tho telescoj>es, into the same vertical plane by tho method pre- 
viously described. Take tho declination of tho sun as given in the 
Naiitli'al AlmanoG for the given day, and correct it for refraction 
and hourly change, lie vol vo the trans ft tvh scnjm upon its hori- 
zontal axis so that the vertical circle wilLrecord this corrected dec- 
lination, turning it down if the declination ia north, and elevating 
it if the declination ia south. Now, without disturbing the posi- 
tion of the transit telescope, bring the solar telescope to a horizon- 
tal position by means of the attached levt^l. It is evident that the 
angles between the lines of collimation will e(j[ual tho corrected 
declination of the sun, and the inclination of the solar telescope 
to its polar axis will be equal to the polar distance of tho sun. 

Next, without disturbing the relative positions of the two tele- 
scopes, Bet tho vernier of the transit telescope to the co-latitude of 
the place, and chinip the horizontal axis. It is evident tliat the 
transit telesc()})e is parallel to the ecpiator, and that tho solar tele- 
scope 18 in a position to describe the path of tho sun when tho line 
of collimation of the ininslt is ui t/fO t/ae vn riJ /'a /) -^ and unless 
tho line of collinintion is in the true meridian, tlio sun cannot be 
brought between tho cross-hairs of the solar telescope. Therefore 
unclamp the vertical axis of the transit and tlie polar axis of the 
solar, and, maintaining the relative positions of the telescopes 
revolve the transit upon its vertical axis, and tho solar ujxm its 
polar axis, until tho sun is brought between the cross-hairs of the 
solar telescope. Kow clamp tho vertical axis of the transit and 
range out a line upon the ground for the true meridian. 
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Tlie solar apparatua eliould not l>e used between 11 a. m. and 
1 r. M. if the best results are desired. From 7 to 10 a. m. and 
from 2 to 5 p. M. in the summer will give the best results. The 
greater the hour-angle of the sun, the better the observation will 
be BO far as instrumental errors are concerned. However, if the 
sun is too close to the horizon, the uncertainties in regard to refrac- 
tion will cause unknown errors of considerable magnitude. 

Oh^ervat'ioTh for Time, If the two telescopes — being in 
position, one in the meridian and the other pointing to the sun — 
are now revolved upon their hovizontdl axes (the vertical remaining 
undisturbed) until each is level, the angle upon the horizontal 
plate between their directions, as found by sighting on a distant 
object, will give the time from apparent noon, reliable to within a 
few seconds. 

To Determine the Latitude, Level the transit carefully, and 
point the telescope toward the south, setting off the declination of 
the sun upon the vertical circle, elevating the object end if the dec- 
lination is south, and depressing it if the declination is north. 
Bring the telescope of the solar into the same vertical plane with 
the transit telescope by the method previously described, level it 
carefully, and clamp it. The angle between the lines of collimation 
will then equal the declination of the sun. With the solar tele, 
scope, observe the sun a few minutes before its culmination, by 
moving the transit telescope in altitude and, azimuth until the 
image of the sun is brought between the cross-hairs of the solar, 
keeping it there by meansof the tangent- screws-un til the sun ceases 
to rise. Then take the reading of the vertical circle, correct for 
refniction due to altitude by the table below, subtract the result 
from 90% and the remainder is the latitude sought. 
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Mean Refraction at Various Altitudes.* 

Haromptnr, 30 inches. Fahronhoit Thormometor, 50 '. 



titiidr. 


Rofractioii. 


Altitude. 


Refraction 


10 


1 

1 •*' 


19" 


20 


2' 39" 


11 


4 


51 


25 


2 04 


12 


4 


27 


30 


1 41 


13 


4 


07 


35 


1 23 


14 


: .3 


49 


40 


1 09 


15 


3 


34 


45 


58 


16 


3 


20 


50 


49 


17 


i 3 


08 


00 


34 


IH 


2 


57 


70 


21 


19 


2 


48 


.M) 


10 



Preparation of the Declination Settings for a Day's Worlc. 

The solar ephemeris gives the declination of the sun for the given 
day, for Greenwich mean noon. Since all points in America are 
west of Greenwich, by 4, 5,. 6, 7, or 8 hours, the declination found 
in the ephemeris is the declination at the given place at 8, 7, 6, 5, 
or 4 o'clock a. m. of the same date, according as the place lies in 
'' Eastern ", « Central ", " Western ", " Mountain ", or " Pacific " 
time belts respectively. 

The columns headed " Refraction Corrections " (see table) 
give the correction to be made to the declination, for refraction 
for any point whose latitude is 40". If the latitude is more or less 
than 40°, these corrections are to be multiplied by the correspond- 
ing coefficient given in the table of " Latitude Coefficients" (page 
148). Thus the refraction corrections in latitude 30 are 05 one- 
hundredths, and those of 50^ 142 one-hundred ths of the correspond- 
ing ones in latitude 40". There is a slight error in the use of 
these latitude coefficients, but the maximum error will not amount 
to over 15 seconds, except when the sun ia very near the horizon, 
and then any refraction becomes very uncertain. All refrac- 
tion tables are made out for the mean (or average) refraction 
whereas the actual refraction at any particular time and j)lace may 
be not more than one-half or as much as twice the mean refraction, 
with small altitudes. The errors made in the use of these latitude 
coefficients are therefore very small compared with the errors re- 

* This table, as well as those following, is taken from the catalogue of 
George N. Saegmuller, Washington, D. C. 
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suiting from the uso of the mean, rather than unknown actual, 
refraction which affects any given observation. 



Latitude Coefficients. 



LAT. 


COKFF. 


LAT. 


COKFF. 

.50 


I^T. 


COEFF. 


LAT. 

; 51° 


OOEFP. 


15° 


.30 1 


27^ 


39° 


.96 


1.47 


10 


32 ' 


28 


.59 , 


40 


1.00 


1 52 


1.53 


17 


.:u ; 


29 


.62 , 


41 


1.04 


53 


1.58 


18 


.36 


30 


.05 ' 


42 


1.08 


1 ^ 


1.64 


19 


.38 


31 


.68 ,1 


43 


1.12 


1 55 


1.70 


20 


.40 


32 


.71 || 
.75 ll 


44 


1.16 


1 56 


1.76 


21 


.42 , 


33 


45 


1.20 


1 57 


1.82 


22 


.44 ; 


34 


.78 II 


46 


1.24 


1 58 


1.88 


23 


.46 , 


35 


.82 ' 


47 


1.29 


1 59 


1.94 


24 


.48 , 


36 


.85 


48 


i.as 


1 60 


2.00 


25 


.50 1 


37 


.89 1 


49 


1.38 






20 


.53 1 


38 


.92 1 


50 


1.42 


1 





If the date of observation be between Juno 20 and September 
20, the declination is positive and the hourly change negative; 
while if it be between December 20 and March 20, the declination 
is negative and the hourly cliange positive. The refraction cor- 
rection is always positive; that is, it always increases numerically 
the north declination, and diminishes numerically the south dec- 
lination. The hourly refraction corrections given in the ephem- 
eris are exact each for the middle day of the five-day period, cor- 
responding to that of hourly corrections. For the extreme days 
of any such period, an interpolation can be made between the 
adjacent hourly corrections, if desired. 

By using standard time instead of local time, a Blight error 
is made, but the maximum value of this error is found at those 
points when the standard time differs from the local time by one- 
half hour, and in the spring and fall when the declination is chang- 
ing rapidly. The greatest error then, is less than 30 seconds, and 
this is smaller than can be set off on the vertical circle or declina- 
tion arc. Even this error can be avoided by using the true dif- 
ference of time from (ireenwich in place of standard meridian 
time. 

EXAMPLES FOR PRACTICE. 

(1) Let it be required to prepare a *able of declination for 
June 10, 1904, for a point whose latitude is 40' 20' , and which 
lies in the << Central Time" belt. 



PLANE SURVEYING 



149 



Since the time is hours earlier than that at Greenwich, the 
dech'naUon given in the ephemeris is the declination at the given 
place at 6 a. m. of the same date. This is found to be 23^ 0' 18". 
To thid must be added the hourly change which is also plus and 
ecjiiiil to 11.07". The latitude coefficient is 1.013. The following 
table m::y now be made out. 



'>ru. 


1 

I»K< LIN ATI* )N. iuKK. (!OR 


SETTING. 


HOUR. 


7 

H 

9 

10 

11 


'■' 23'0'30'''h 

u2:ro'4r'- 

f- 2:{ 0' 5.3" - 
f-2:M' 5"'- 
f- 2.31' 17" J 


hi' 10" 

- 44" 

- 29" 

- 22" 

- 18" 


23^ 1' 40" 
23 1'25"! 
2.3 1'22"| 
23^1' 27", 
23'l'3r)"t 


1 

2 
3 
4 

5 




- 


- — ■ 


lEP.COR. 




t- 18" 


23 1' 47" 


f- 22" 


23 2' 3" 


- 29" 


2.3 2' 22" 


f 44" 


2.3 2' 49" 


-I'Kr 


23\T27" 



PROBLEMS INVOLVINQ USE OF TRANSIT. 

Perpendiculars and Parallels. To erect a pe^jyendirvlffr to 
a Ihie at a ylvrn 2>oint of the line. Set up the transit over the 
given point, and with the verniers set to 0^, direct the line of 
tijtrlit along the given line. Clamp the lower motion, unclamp the 
apptT motion, and turn off an angle of 90° in the proper direction 
for the reijnired line. 

To eri-nt a jx.rpendi^ular to an inaecessihle line at a <jive7i 
point of the Ihie, Let AB, Fig, 101, be the given inaccessible 
line, and A the point of the line at which it is proposed to erect 
tlu^ ]x*r|RMulicular AD. Select 
some jK)int II from which can be 
distinctly seen the points A and 
l> of the inaccessible line. Set up 
tli«» transit at the point H, and 
nie.Msnre theancrle AIIB. Also 
from the point II run out and 
meiisnre a line of any convenient 

leno;th, and in such a direction that the points A and I> can be 
5^^en from its extremity, as E. Now measure the angles AIIE 
and BIIE. Now set up the transit at E, and measure the angles 
BEH, BE A, and AEII. In the triangle AHE, we know 
from measurement the length of the side HE, as also the angles 
AIIE and AEH, from which may be calculated the length of 
the side All, which is also one side of the triangle AllB. From 
the triangle BEII, we have the length IIE, known by measure 
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Refraction Correction. 
























L 


atitud* 


',40 






















January. 
f ft 


F 


I'bruary. 




March. 




April. 




May. 


June. 


1 


ih 


1 58 


1 




1 


Ih 


. 1 OJ 


I 


1 3h ' " 


. 57 


1 


Ih 


. 028 


1 


5h 


. 1 11 


2 


2 


2 16 


2 




o 


2 


1 10 


2 


4 


1 19 






032 


2 






3 

4 


3 
4 

1 


3 04 
r. 23 

1 51 


3 


111. 1 2(> 


3 

* 


3 

4 


1 27 

2 0(5 
4 ;59 


.3 

1 

5 


5 
1 


2 18 

39 
44 


2 
3 




39 

55 

1 ;a) 


3 

4 
5 


1 
8 


19 
023 
030 


5 


o 


2 11 * 


4 


2 1 37 


.") 


1 


59 


6 


.3 


54 


.{ 




26 


6 


4 


43 


6 


~ 




•» 
6 
7 


3 2 04 


6 




1 06 


7 


4 


1 14 


'} 




30 


7 


5 


1 10 


7 

8 
9 


4 

1 


2 59 
«'. 01 
1 51 


4 3 21 
1 1 21 


7 
8 
9 


.3 
4 
5 


1 21 

1 :^ 

4 04 


9 
10 


1 


2 08 

036 
41 


(> 

.s 




37 

53 

1 26 
25 
29 
o:;6 

51 

1 22 
023 


8 
9 
10 


1 

2 
3 


18 
022 
029 


10 
11 
12 
13 

14 


2 

3 
4 

1 


2 07 
2 51 
5 40 
1 46 


10 

11 

1- 

13 
14 


2 1 31 

3 1 56 

4 3 04 

1 1 16 

2 1 25 

3 1 48 

4 2 47 

5 8 ::9 

1 1 12 
1 1 20 

3 1 40 

4 2 31 

5 6 49 

1 1 07 
•> 1 1 'i 


10 
U 
12 
13 
14 


1 
2 

3 
4 

5 


55 

1 02 
1 15 
1 47 

;;34 


11 

l5 

14 

15 


3 
4 
5 

1 


51 

1 10 
1 .58 

.34 

;« 


"J 
1 \ 




11 
12 

13 
14 
15 


4 

5 

1 
2 

.3 


43 
109 

18 
022 
029 


15 


9 


2 01 


15 


1 


52 


16 


.3 


48 


is 




27 


16 


4 


042 


16 


*" 




1> 


16 


2 


58 


17 


4 


1 06 


16 




34 


17 


5 


1 08 


17 

18 

19 
20 
21 
22 
23 


3 
4 

1 
2 

3 

4 


2 40 
5 00 
142 

1 56 

2 31 
4 35 


16 
17 

18 
19 
20 
21 
22 


17 

18 
19 

20 
21 
2*' 

s 

24 


3 
4 
5 

1 
2 

.3 
4 


1 10 
1 .39 
3 08 

48 

54 

1 a-) 

1 32 

2 51 


IS 

i^ 
21 
22 
23 

24 


5 
1 

.3 
4 

5 

1 


1 49 

0.32 
.^6 

45 

1 02 
1 42 

o.?o 


17 

18 
19 
20 
21 
•>) 

ft 


*j 


49 

1 18 
22 
26 
33 

47 

1 15 
21 


18 
19 
20 
21 

23 
24 


1 
2 

4 
5 

1 


18 
22 
028 
42 
108 

18 
022 


24 


1 


1 37 


2'J 
24 


' 




2 


34 


25 




2.5 


25 


.3 


029 


25 


•> 


1 58 


1 !•» 

li 1 3.3 
4 2 18 
5h. 5 28 


•>- 


1 


45 


26 


a 


42 


26 




32 


26 


4 


042 


26 


" 




25 


26 


2 


50 


27 


4 


.58 


27 




46 


27 


5 


.1 08 


27 

28 

29 


3 
4 

1 


4 07 

1 ri 


2t) 
27 

28 


27 

28 
29 


3 
4 
5 


1 01 

1 25 

2 34 


28 

2^> 
30 


5 

1 

2h 


1 36 

28 
0.32 


28 
29 




1 13 

020 
21 


28 
29 


1 
.3 


18 
022 
29 


30 


2 


I 44 






30 


1 


42 








.30 




31 


.30 1 4h 


043 


."i 


2 13 






31 


2h 


47 










1 


4 4 






31 


4li 


3 41 


















:i 


5h 


1 U 


I 






July. 
' " 




\UKUst. 


So 


ptembor. 


( 


>tobrr. 


November. 


December. 


1 


5h 


1 09 


1 




1 


Ih 


39 


1 


Ih 


59 


1 


2h 


3 21 




1 54 


"2 










2 




44 


*_' 


2 


1 06 


2 


.3 


i;? 57 




2 


2 11 


4 

5 


1 
>> 


19 

2:{ 
w 


;j 


Ih. 26 

2 30 

3 37 


3 




54 

1 14 


3 

4 


4 


I 21 

1 56 


1 


4 




'\ 


.3 
4 


2 59 
6 01 


3 


4 


5 




208 


5 


5 


4 04 


5 


1 


1 .32 


4 


5 




(*> 


4 


43 


r» 


4 53 


6 




42 


6 


1 


1 03 


W 


•> 


1 44 


5 


1 


1 58 


7 


5 


1 10 


t> 


5 1 26 






47 


7 


2 


1 10 


7 


3 


2 13 


6 


2 


2 16 


8 
9 
10 


1 

2 
3 


20 
24 J 
31 


7 

H 
9 


1 28 

2 32 

3 0.39 


8 
9 
10 




57 

1 19 

2 18 


8 
10 


.3 
4 
5 


1 27 

2 06 
4 .3<) 


8 
9 
10 


4 
5 

1 


3 41 
1 .37 


7 
8 
9 


3 
4 


3 04 
6 23 


11 


1 


44 


1') 


4 55 


11 




45 


11 


1 


1 07 


11 




1 50 


10 


1 


200 


12 


r, 


1 11 


11 


5 1 :m) 


12 




:a.) 


12 


2 


1 15 


12 


.3 


•» •)2 


11 




2 19 


13 
14 
].■) 


1 

3 


21 
25 

32 


j'> 


1 .".0 

2 34 
:^ 42 


i:{ 




1 01 


r: 


.3 


1 ;« 


13 


4 


4 07 


12 


.3 


3 03 


13 
14 


H 
15 


4 


1 25 

2 .34 


1.! 


1 


2 18 
5 ») 


U 
15 


5 

1 


1 42 


13 
14 


4 

5 


638 


1« 


4 


46 


15 


4 58 


16 




48 


10 


1 


1 12 


16 


2 


1 56 


15 


1 


201 


17 


5 


1 13 


16 


5 I ;^6 


17 




54 


IT 


') 


1 20 


17 


3 


2 31 


1 i i 2 


2 20 


IS 
19 
20 


1 

3 


22 

26 
;« 


17 

18 
19 


1 32 

2 :^6 


18 
19 
•.•0 




1 05 
1 :i2 
i 51 


18 

r.» 

20 


.3 
4 
5 


1 40 

2 31 
6 29 


18 
19 

20 


4 

5 

1 


4 35 
1 46 


17 
IS 

19 


4 

5 


3 11 
6 47 


21 


4 


47 


20 


4 1 (12 


21 




52 


i 21 


1 


1 16 


*>1 


2 


2 01 


20 


1 


2 01 


22 


5 


1 15 


-l 


5 1 42 
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2 


1 25 


22 


.3 


2 40 
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2 20 


•>'j 


1 
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i> 27 
31 
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1 34 

2 38 
;« 1) 4.S 
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2.3 


3 


1 4H 


23 


4 


4 59 


22 


.3 


3 11 


24 

25 


23 
24 


24 




1 :ii> 


21 


4 


2 47 


21 


5 




23 


4 


6 49 


3 
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3 08 


,25 


■' 


8 :ii» 


25 


1 


1 50 


24 


5 
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4 


49 


25 
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1 26 


1 


1 21 


26 


2 
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25 


1 


200 
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1 18 


26 


5 1 49 
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27 


2 
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27 


3 


2 49 
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2 19 


28 


1 


25 
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51 


27 
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1 36 

2 41 

3 51 
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2.S 
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;m4 
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27 
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meiit, as well as the angles BlIE and BEII, from which we 
can calculate the length of the Bide BlI, which is also one Bide of 
the triangle ATIB. Therefore in the triangle AII1>, we have 
the lengths of the two sides All and I>II hy calculation; and the 
angle AlIB by measurtMnent. We can therefore calculate 
the angle IIAB, which equals the angle All!). Set up the transit 
at II, sight to A, and turn off the angle AlID ( ^ IIAB), 
measuring off II I) of a length equal to All cos All D. Then 
AT) will be the j)er})endicular required, and its length will equal 
Allein AIID. 

The calculation is as follows: In the triangle AHE, the angle 
HAE ISO^ - ( AIIE I AETI), and therefore All : HE : : sin 

AEll : sin IlAE;or, All = HE T-^WJ- 

Bin II Ah 

In the triangle IlEB, IIBE = ISO -( HUE '- BEII), and 

therefore IIB : HE : : sin IIEB : sin IIBE; 

orIIB=^llE'!"i^;;-. 
sin 11 HL 

In the trianglo ATIB, the sum of the angles IIAB and IIBA 
=: ISO" -. AIIB. Let X represent the differenee of tlie anirles IIAB 
and IIBA. Then, from trigonometry, 

All ^ IIB : Air - IIB :: tan 1. (IIAB lIISAi : tan A (IIAB - 

IIBA); 
or, All + IIB : All - HB :: tan A (ISO - AIIB) : tan i a-; 

or. An + IIB : All- IIB :: eot ~^-: tan < .,■. 

From this last proportion we find x, the difference of the two angles 
IIAB and IIBA. We then liave the sinniltaneous equationn: 

IIAB IIBA = .7 (say) 

IIAB IIBA r- ,/ (say) 

Therefore IIAB .- ^ ^'l^iml IIBA ■--- '' ^-. 

KXAMPLE FOR PRACTICE 

(Jiven HE (Fig. 101) = V2T, feet; AIIE -. 1'2S;AUB = 04"; 

B1IE^2S ; BEII - 121 ; BEA - - SO ; AEII - 11 . It is reqnired 

to find the angle AIID, the length of II I>, and the length of AD 

Ans. AIID -- 50 54'; III) : 17(i.<»2 feet; AD = 21T.'.t2feet 
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To let fall a perpendicular to a line from, a given point. 
Let AB, Fig, 102, be the given line, and C the point. Set up the 
transit at some point A of the given line, and measure the angle 
BAG. Take the instrument to O, sight to A and turn off an angle 
ACB = 90^ - BAG. The instrument will then sight in the direc- 
tion of the required perpendicular CB. 

To let fall a perpendicular to a line from an in^iccessihle 
j>oint. LetBG, Fig. 103, be the given line and A the inaccessible 
point from which it is desired to let fall the perpendicular upon 
H(\ Set u|) the instrument, as at B; and, after measuring the 




Fig. 102. ^ Fig. 103. 

length of BO, measure the angle ABC. Take the instrument to 
(\ and measure the angle ACB. Then in the triangle ABC, 
AB : BC : : sin ACB : sin (ACB + ABC); 
sin AGB 



or, 



and, 



sin (ACB + ABC)' 
BD = AB cos ABC; 

BD ^ m '^" ^^^ 



tan ACB + tan ABC* 



03^15'; ACB := 



EXAflPLE FOR PRACTICE 

(iiven BC (Fig. 103) = 250 feet; ABC 
55 40'. ( •aleulate the length of V>\), and the length of AD. 

Ans, 



BD = 106.2 feet. 

AD = 210.7 feet. 
T> let fall a perpendicular to an imtcvessible line from a 
ijiveu point outi^ide of the line. Let AB, Fig. 104, be the inacces- 
sible line, and C the point from which it is desired to let fall the 
perpendicular to A B. Through C run out and measure a line 
of any convenient length, as ('D, and measure the angles ACB 
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DCB, and DCA. Set up the instrument at I), and measure the 
angles ADO and BDC. In the triangle BDC, we have given two 
angles and the included side, from which can be calculated the • 
length of the side CB, In the triangle ADC, we have given two 
angles and the included side, from which can t)e calculated the 
length of the side AC. Then, in the triangle ACB, we have 
the lengths of the sides AC and CB, and the included anglt^ 
ACB, from which can be calculated the angle CAJ>. If, thrn, (lie 
instrument be set up at i\ and an angle ACE be turned off equal 
to 90 ' - BAC, the line of sight 
will point in the direction of the 
re(juired perpendicular, and tlu^ 
length of the perpendicular will 
be given by ACJ cos ACE. 

This same method will serve 
to trace a line throutjha given 
point paralhl to an inaccessi' Fig. KM. 

hie line. For if, with the instru- 
ment at C, an angle AC A' be turned off equal to CAB, the 
line A' W will be parallel to AB. 

Obstacles to Alignment. By Perpend Irulars: When a tree, 
house, or other obstacle obstructing the line of sight (see Fig. 105) 
is encountered, set up the transit at the point B, turn olf a right 
angle, and measure the length of the line BC. Erect a second 
perpendicular CD at C, and measure its length. At D erect a 
third perpendicular DE, making DE ■=-- BC. Then the fourth 
perpendicular EF will be in the direction of the required line. 
The distance from B to E will be given by CD. If perpendic- 
ulars cannot be conveniently set off, let BC and DP] make any 
equal angle with the line AB, so that CD will be parallel to it. 

Btj an Equilateral TrlanijJe, At B turn off from the direc- 
tion of AB produced, an angle of ^AY in the direction of BO (see 
Fig. lOf)), and make BC' any convenient length suthcieiit to clear 
the obstacle.' Set up the instrument at V and turn off an angle of 
()0 from BC to CD and make CD of a length ecjual to BC 
Finally at D turn off a third antrle of 00 from CD to DB, and 
the line DK will be in tlu* direction of Al> ])r(xluce<l. Tiii' dis- 
tance BD will equal !»(' or CD. 
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]Uj Triangulat'ton, Let AB, Fig. 107, be the line to be 
prolonged beyond the obstacle. Choose 8ome point as C) from 
which can be seen the line AB as well as some point D beyond 
the obstacle. With the transit at A, measure the length of AB 
:ind measiin^ tl^o ancrle BA(\ Set up the transit at C, and meas- 





Fi-. 105. 



Fij?. 106. 



ure the angles B(JA and ACl). Then, in the triangle ACB, 
we have one side and two angles known, from which can be cal- 
culated the lengths of AC- and BC. In the triangle ACD, we 
know the length AG and the angles BAG and A(^D, from 
which can be calculated the length GE, the angle BEG, and the 
distance AE. Therefore from G measure the distance CE, set up 
the transit at E, and turn off the angle CEF equal to 180^ minus 
the angle BEG, for the direction of the required hue. The 
length of BE will evidently ecjual AE - AB. 

By a lid H do rib Line. When a wood, hill, or other obstacle 
prevents one end of a line (as B, Fig. 108) being seen from the 
other end A, run out and measure a random line, as AG, as 



--e>^ 



^.^^ 



.<3^o^- 



^ A- 

I'^i^'. 107. , Fig. 108. 

nearly in tlie iHMjiiJreii directron as may be guessed, until a point 
(' is reached from which B can be seen. Now, if convenient, 
measure the ])erpendicular ofl'set from AG to tlie point B, from 

BG 
"AG* 

If a rijj^lit antrle cannot be turned off at G, turn off any convenient 
aiiHe and measure tlie distance VW-^ tlicn, in tlie triangle AGB, 
there are given two sides and tlu^ included angle, from which can 
he calculated the an;^d(M'All. Now taking the transit back to 
A, the angle GAB am be turned olf in the proper direction from 



which can b(^ cal:;ulat«'( 



anirle (AH. Tan. ( AB 
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AC, and the correct line AB can l#e run out and measured in 
the proper direction. 

B[i Latltuihs and JJi-jK/rtftn s. When a single line such as 
AC cannot be run so as to come opjiosite the given point B (Fig. 
109), a series of zigzag lines (as AC, CD, DE, EF, and FB) can 
be run in any convenient direction, so as at las*" to arrive at the 
desired j)oint B. Any one of 
these lines las, for instance, AC) 
may be taken as a meridian to 
which all of the others may be 
referred, and their bearint^s there- 
from deduced. Calculate the 
total latitudes and departures of 
these lines, as AX and BX; then 
the bearing of the required line BA with respect to AC will be 

given by Tan. BA(y — -r-r- . 

Bij I'runujuhttloii. When obstacles prevent the use of 
either of the preceding methods, if a point i) can be found from 
which A and B are accessihU^ (see Fig. 110), measure the dis- 
tances CA and CB, and tlu^ angle A(JB, from which can be calcu- 
lated the length of the side AC and the anirle CAB. Now 

measure theantrle ACI> to some 



A-' 




FiK. 1(0. 



r<i-c3-0^^^-G> — 




Fijr. 110. 



point 1) beyond the obstacle; 
then, in the triauirle ACl), we 
have two anjrles and the included 
side, from which may be calcu- 
lated the length of the side CD. 
Measure tlu* distance CD in the 
proper direction, st»t uj) the tran- 
sit at D, and turn oiT an angle Cl)I> ecjnal to tlie supplement of 
Al)(', for the dinvtion of the r«'(juire(l lim-. 

The distance from A to D may also bt^ calculated from the 
triangle ACD, the stake at D given its projjcr number, and the 
line continued. If the distances CA an<l Cl» cannot bt* meas- 
ure<l, it will be necessary to measure a base-line through ( ', from 
the extremiti(?s of which the ant»'les to A and II can be measured 
and the reouired distances calculated as bi^fore. 
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The following problem, as illnstrated in Fig. Ill, h of fre- 
(juent occurrence in line surveys. The line AB of the survey 
having been brought up to one side of a stream, it is desired to 
continue the line of the survey across the stream to the point C, 
the latter point being visible from B and accessible. It is required 
to find the length of the line BC, that the stake at C may be given 
its proper nunil>ei:, and the survey continued from that point. 
With the transit at B, turn off the required angle to locate the 
point (', and drive a stake at that point. If possible, deflect from 
BC a right angle to some point E, and measure the length of BE. 
Take the transit to E, and measure the angle BEC. The dis- 
tance BC is therefore: 

H(^ = BE tan BEC. 

If it is not possible to turn off a right angle at B, then through 
I> run a line (as BE') in any convenient direction, and measure 
its length; measure also the angles E'BC and BE'C. In the 
triangle CBE', there are then given two angles and the included 

side, from which the side BC can 
be calculated. Should it be nee- 
essary to take soundings at cer- 
tain intervals (as, say, 50 or 100 
feet across the stream), then in 
the triangle BE X there are given 
the distance BX, the distance 
E'X, and the angle XIJE', from 
which can be calculated the angle BE'X. With the transit at E\ 
turn off from BE' the angle BE'X. Now, starting a boat from 
the shore, direct it in line from B to C until it comes uj)on the 
line of sight of the transit from E' to X. At that point take 
soundings, and similarly for the point X', etc. If the point C is 
not visible from B.find some point, as E (see Fig. 112), from which 
B and C are visible, and measure the angle BEG and the distance 
EB. Find a second point, as F, from which E and C are visible, 
and measure the angles CEF and EFC and the distance EF. Then, 
in the triangle F(M% there are given two angles and the included 
side, from wliieh can be calculated tlie distance EC. In the tri- 
angle BCE, then, there are given two sides and the included 
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angle, and from these the third side BC and the angle EBC can 
be found. The stake C can now be numbered, and the bearing of 
BC deduced. 

eXAMPLBS FOR PRACTICE. 

1. In Fig. Ill, given BE' = 210 feet; angle OBE' = 110^ 
ir>'; angle BE'C = 34^20'; stoke B numbered 8 + 54. It is 
required to find the number of the stake C. 

2. {a) In Fig. 112, given 
EF = 250 feet; BE = 128 feet; 
angle EFC = 46^40'; angle CEF 
- 103 30'; angle BEG = 39^ 10'. 
If the stake at B is numbered 12 
+ 20, it is required to find the 
number of the stake at C. 

(h) If the bearing of the line 

AB is S 75''E, and the deflection 

angle of BE from AB is 104*^ to the rights find the bearing of BC. 
To Supply Omissions. Any two omissions in a closed sur- 

vey — whether of the direction or of the length,, or of both, of one 

or more lines of the survey — can always be supplied by the 

application of the principle of lati- 
tude and departures, although this 
method should be resorted to only 
in cases of absolute necessity, 
since any omission renders the 
checking of the field work im- 
possible. In the following para- 
graphs, the methods outlined will 
apply e(}ually whether the survey 
has been made with the transit 
or with the compass. 

Case 1. WlwH' the ItiKjth 
ami hvur'iuij (pf any one Hide a/re 
wantiny. In Fig. 113, let the 
(lotted line FG represent the 
course whose length and bearing 

are wanting. Calculate the latitudes and departures of the remain- 
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intr courses; and since in a closed survey the algebraic sum of the 

latitudes and departures should ecjual zero, therefore the difference 

of the latitudes will l)e the latitude of the missing line, and the 

difference of the longitudes will be the required longitude. The 

latitude and longitude of the line, 

form the sides of a right triangle, 

from which we have: 

„, .... Lontritiide 

iantrentof Iseannij = , -r^-, — . 
'^ ^ Latitude 

The required length will be given 

latitude 

bv L — - — ^ ; — . 

C OS Uearincr 

Cask 2. W/toi the loujth or 
one Hule and the, heanmj of iiv- 
oth er a re v/v^ u ti n <j . 

(a) When the deficient 

SIDES ADJOIN EACH OTHER. In Fig. 

114, let the bearing of DE, and 




>E 



FiK. 114. 



the length of FE, be lacking. 
Draw DF. From the preceding 
proposition we c;ui cjilculate the 
Ix'arintf and len<rtli of DF", as 
tiioiioh DFand KF did not exist. 
Then, in the ti'iangle DEF, we 
have given the lengtiis DF and 
DK and the angle DFF, from 
whieii can be ealeuhited the angle 
FDF and tlie length FF. 

\h) \\\\\:S rilK DI-KieiKNT 
SIDKS aim: SJ:I'A K.\ 11 1) fi;(»m kach 

.niiKii. Ill Fig. 11 :> h-t AHCDF 

l''( I A ]'epi*e.->ent a seven-sided 
liehl. in which tin* length of ( "D. 
and the hearing" of l''(i, ai'e want- 
ing. Draw Dir, IJA', A'(i', of 
the sjinie lengths, and paraHel 
i'esj)eetively to ('15, liA, and \i\. 




,FiK. 115. 



Connect (/with (iEand F. 



Then, m the iiguro DB'A'li'F, there are given the lengths and 
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bearings of all of the courses but G'E. The length and bearing of 
the last course can be calculated by the principles of Case 1. Then, 
in the triangle EF(i , there are given tlie lengths and bearings of 
EF and E(r, from which can be calculated the length and bearing 
of FCt'. Tlierofore, in the triangle (tFG', since (iG' is equal in 
length and j)arallel to CD, there are given the lentjthtt of GF and 
FG', and the Iho ri tHja of (Mj' and FG', from which can be cal- 
culated the length of (iG' and the bearing of GF\ 

Cask 8. Winn- the UiajthH (ffttro s^/rs (in irnuinHj. 

[tl^ WhKN TUK DrFK^lKNT SIDKS ADJOIN KACII OTHKK. In the 

seven -sided F'ig. Ill), let the lengths of DE and EF be w^anting. 

Calculate the length and bearing of T)F by the principles of Case 1. 

Then, in the triangle F]DF, there 

are given the angles at D and F, 

and the length of I)P\ from w-hich 

can be calculated the lengths of 

DE and EF. 

(//) WhKN THK DKFICIKNT 
SIDK8 ARE KKI»AKATF.D FR(>M EACH 

OTHKK. In Fig. 115, let the 
lengths of CD and (4F be want- 
ing. As before, having calculated 
the lentrth and bearintr of FG', 
in the triangle F(Ui', the angle at 
(i can be calculated from the bear- 
ings of F(t and GG'; the angle at 
(f' from the lu^arings of (iG'and F'G'; and the angle at F from the 
bearings of F'(t and F(i'. There are given then the three angles 
of the triangle, and the length of one side, from which can be 
dal.'ulated the lengths of the other sides. 

(\\SK 4. \\1n')i. the hntritiifx (^ftfro s'n/tH avr trfi nt i hij. 

('/) AVUKN THK DKFlriFNT SIOKS AIUoIN KAiH OTHKU. lu Fig. 

IK), lind the lentrtli and beariiijr of DF as before. Then, in tin* 
triangle DEF, there are given the lengths of tlu* tlirtM* sides, from 
which can be calculated the re(juired angles. 

(/>) When thk dkfk^iknt sides auk sErAUAiKD fk<>m eath 
OTHEK. In Fig. 115, let the bearings of CD and (iF be wanting. 
Calculate the lenrrth and bearinir of ViV as before. Then, in tln» 
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triangle F(t(t', there are three sides known, from which can be cal- 
culated the three angles, and therefore the bearings can be deduced. 

UNITED STATES PUBLIC LAND SURVEYS. 

The first surveys of the public lands of the United States were 
carried out in Ohio, under an act of tJongress approved May 20th, 
17S5. This act provided for townships 6 miles square, containing 
30 sections of 1 mile 8(][uare. The townships 6 miles square, were 
laid out in ranges, extending northward from the Ohio Kiver, the 
townships being numbered from south to north, and the ranges 
from east to west. The territory embraced in these early surveys 
forms a part of the present state of Ohio and is known as "The 
Seven llant/es." The sections were numbered from 1 to 36 com- 
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Fig. 118. 



menciiii^ with No. 1 in the sinitheamt corner of the township, and 
running from sotith to mn'th in each tier, to No. 36 in the north- 
west corner of the townships as shown in Fig. 117. 

A subsequent act of Congress, approved May 18th, 1796, pro- 
vided for tlie appointment of a surveyor general, and directed tht» 
survey of the lands northwest of the Ohio River, and above the 
mouth of the Kentucky lliver. This act provided that ''the sec- 
tions shall be numbered respectively, beginning with the number 
one in the northeast section, and proceeding west and east alter- 
nately, through the township, with ])rogressive numbers till the 
thirty-sixth be coinpleted." This method is shown in Fig. IIS 
and is still in use. 

An act of Congrt'ss, approved Feb. llth 1805, directs the sub- 
division of the public lands into (juarter sections, and provides that 
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all tho corners marked in the public surveys shall be established 
as the proper corners of sections, or subdivisions of sections, which 
they were intended to designate, and that corners of half and 
quarter sections 7i(>t warhed shall be placed, as nearly as possible, 
"equidistant from those two corners which stand on the same line." 
This act further provides that '• the boundary lines actually run 
and marked * * * shall be established as the proper bound- 
ary lines of the sections or subdivisions for which they were 
intended; and the length of such lines as returned by * * * 
the surveyors * * * shall be held and considered as the 
true lencrth thereof " 

An act of Congress, approved April 24th, 1S2(/, ])rovides for 
the sale of public lands in half-quarter sections, and re(juires that 
'* in every case of the division of a quarter section the line for the 
division thereof shall run north and south. An act. of Congress, 
approved April 5th, 1832, directed the subdivision of the public 
lands into quarter -quarter-sections and that in every case of the 
division of a half-quarter isection, the dividing line should run 
east and west; and that fractional sections should be subdivided 
under rules and regulations prescribed by the Secretary of the 
Treasury. 

By an act of Congress, approved Alarch 3rd, lS-4i), the Depart- 
ment of the Interior was created, and the act provided '-That the 
Secretary of the Interior shall perform all the duties in relation to 
the General Land Office, of supervision and appeal now discharged 
by the Secretary of the Treasury. * * *" By this act the 
General Land Office was transferred to the Department of the 
Interior where it still remains. 

The division of the public lands is effected by means of merid- 
ian lines and parallels of latitudes established six miles apart. 
The squares thus formed are called 7V>//v?^///jr/6', and contain 3G 
square miles, or 23,040 acres '• as nearly as may be. " All of the 
townships situated north or south of each other, form a liaiuje and 
are named by their number east or west of the principal meridian. 
Thus, the first range west of the meridian would be designated as 
Range 1 West (R 1. W.). Each tier of townships is named by 
its number north or south of the base line, as Township 2 North 
(T. 2. N.). 
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Existing laws further require that each township shall be 
divided into thirty-six sections, by two sets of parallel lines, one 
governed by true meridians and the other by parallels of latitude, 
the latter intersecting the former at right angles, at intervals of 
one mile ; and each of these sections must contain, as nearly as 
possible, six hundred and forty acres. These requirements are 
evidently inconsistent because of the convergency of the meridians, 
and the discrepancies will be greater as the latitude increases. 

In view of these facts, it was provided in section 3 of the act 
of (Congress approved May 10th, 1800, that " in all cases where the 
exterior lines of the townships, thus to be subdivided into sections 
and half-sections, shall exceed, or shall not extend six miles, the 
excess or deficiency shall be specially noted, and added to or 
deducted from the western or northern ranges of sections or half- 
sections in such township, according as the error may be in running 
lines from east to west, or from south to north : the sections and 
half-sections bounded on the northern and western lines of such 
townships shall be sold as containing only the quantity expressed 
in the returns and plots, respectively, and all others as containing 
the complete legal quantity." 

To harmonize these various requirements as fully as possible, 
the following methods have been adopted by the general land oiRce. 

Initial points are first establis hed astronomically under special 
instructions, and from this initial point a "principal meridian " is 
laid out north and south. Through this initial point a " base 
line" is laid out as a parallel of latitude running east and west. 
On the principal meridian and base lines, the half-mile, mile and 
six-mile corners are permanently located, and in addition, the 
meander corners at the intersection of the line with all streams, 
lakes or bayous prescribed to be meandered. These lines may \>e 
run with solar instruments, but their correctness should Ih^ checked 
by observations with the transit upon Polaris at elongation. 

Standard parallels, also called correction lines, are run east 
and west from the principal meridian at intervals of twenty-four 
miles north and south of the base line, and the law provides that 
'' where standard parallels have been placed at intervals of thirty 
or thirty. six miles, regardless of existing instructions, and where 
gross irregularities require additional standard lines, from which to 
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initiate new, or upon which to close old surveys, an intermediate 
c'ontr^'tion line should be established to which aloc^fl name may be 
ixiven: and the same will be run, in all respects, like the regular 
standard parallels." 

(iuide meridians are extended north from the base line, or 
standard parallels, at intervals of twenty-four miles east and west 
of Uie principal meridian. 

When conditions are such as to require the guide meridians 
to run sof/f// from a standard parallel or a correction line, they are 
initiatt»d at properly established closing corners of the given })aral- 
lel. That is to say, they are begun from the jmint on the parallel 
at which th(»y would have met it if they had been run north from 
the next southern parallel. This point is obtained from com])Uta-* 
tion. and is less than twenty-four miles from the next eastern or 
western meridian V)y the convergence of the meridians in twenty- 
ff)ur miles. 

In case guide meridians have been improperly located too fur 
apart, auxiliary liieridians may be run from standard corners, and 
these may be designated by a local name. 

The angular convergence of two meridians is given by the 
e(juation 

= m sin L (1) 

where n) is the angular difference in longitude of the meridians, 
and L is the mean latitude of the north and south length under 
consideration. 

The linear convergence in a given length / is 

c = / sin <^ (2) 

The radius of a paral/el at any latitude L is given by the 
e(juation 

r = cos L (3) 

where II is the mean radius of curvatun* of the earth. 

The distance between meridians is usually given in miles and 
this must be reduced to degrees. To do this it is first necessary to 
tind the linear value of one degree of loncritude at the mean latitude 
from the proportion. 

1^ : mi) ::./•: 'Itrr (4) 

the value of /• being found from (3) 
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Equation (4) will give results eufficiently accurate, althouph 
in strict accuracy K should be the radius of curvature at the mean 
latitude. 

For full details of public-land surveying, see " Manual of 
Surveying Instructions for the Survey of the Public Lands of the 
United States," issued by the Commissioner of the General 
Land Office. These " Instructions '' are prepared for the direction 
of those engaged on the public land surveys, and new editions are 
issued from time to time. 

Much of the foregoing in very condensed form is taken from 
the edition of 1894. 

The following table gives the eonvergency both in angular 
units and linear units for township miles square, between lati- 
tudes 30 and 70~ north. 

Lot it be required to tind from the table the linear converg- 
ence for a township situated in latitude 38"^ 29* north. 

Looking in the table opposite 39° we find the linear con- 

ence. 

For 39" = 58.8 links 

For liH' = 50.8 links 



Difference for 1^ = 2.0 links 
Difference for 1' = 2.0 h- 60 = .0333 links 
Difference for 29' = .0333 X 29 = .97 links 
Therefore total convergence for latitude 38° 29' = 56.8 + 
0.97 links = 57.77 links. 
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BASE nEASUREHENT. 

It i8 not intended in what follows to go into the details of the 
measurement of a base for an extended system of triangulation, as 
that properly belongs to Geodetic Surveying. Some description 
of base measuring apparatus will be given, with illustrations of 
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various devices, and special attention will be given to the use of 
the tape in the accurate measurement of lines such as occur in usual 
tield operations of Plane Surveying. 

Much of what follows is from the excellent treatise on Topo- 
graphic Surveying by Herbert M. Wilson. 

A trigonometric survey is usually carried over a country where 
the direct measurement of distances is impracticable, and since the 
calculations of these distances proceeds from the ^UiYct measure- 
ment of the base-line, this base line should be so located as to 
{)ermit of its length being determined with any degrcn^ of accuracy 
consistent with the nature of the work involved. 

To attain the desired results, the site should be reasonably 
level and afford room for a base of j)r()per length so that its ends 
may l)e intervisible. and permit of i\w devt'lopnient of a scheme of 
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primary triangulation giving the best-conditioned figures possible. 
Other things being equal, that site is best that includes Bolid 
ground; both for permanency of monuments and facility and 
accuracy of measurement. 

Base Apparatus. In early days, base-lines were measured by 
means of wooden rods, varnished and tipped with metal. The rods 
were supported in trestles, the contacts between the ends being 
made with great care. Later, compenmted roihs were em-ployed, as 
for instance the Contact-Slide Apparatus of the U. S. Coast Survey 
and the Ilepsold {)rimary base bars of the U. S. Lake Survey, see 
Fig. Ill), resulting in greater accuracy in the measurement of base 
lines. The use of the irtd hir (see Fig. 120) by the W S. Coast 
Survey, represents the highest development of base- measuring 
apparatus. 




.<»'r/ j/ 



Fig. 119. 

Within recent years the ^^iteel tape, has become popular as the 

accuracy attainable with its use has become more fully appreciated. 

Errors in Base ileasurement. The following are the chief 

soarccs of error in base measurement: 

1. Changes of temperature ; 

2. Difficulties of making contact ; 

3. Variations of the bars or tape from the standards. 

The refinements of measurement consist especially in — 

a. Standardizing the measuring apparatus, or its comparison with a 
standard of lengtn. 

h. Determination of temperature, or its neutralization by the use of 
compensating bars. 

('. Means adopted for reducing the number of contacts to the fewest 
possible, and of making these with the greatest degree of precision. 
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The rnherrttf (Illficfilfirs of ineaLureinent tvit/f hirn of any 
kind Jin» : 

1. Necessity of uioasuring short l>ases because of the number of times 
which the bar must be inove.cl. 

2. Ex])enso, as a considerable number of men are reciuired. 

3. Slowness, the measurement often occupying from a month to six 
weeks. 

The (idvanfmji s of ineasurement made with a nfrel fa pi are : 

1. CJrcat reduction in the numb(»r of contacts, as the tajx's are al>out 
threo huntlred feet loni,' as compared with bars of about twelve^ feet. 

2. Comparatively small cost because of the few persons re(|uired. 

.'1 Shortness of the time employed, an hour to a mile beinjr an ordinary 
record in actual measurement 

4. Errors in trigonometric exi»anfii(m may be reduced by incn^asinjjf the 
lenjxth of the bas(» from 5 miles, the averapje lenfrth of a bar measured base, 
to 8 miles, not an uncommon lenpjth for tape-measured bases. 




Fig. \%\ 

Steel tapes offer a means of measuring base linrs which is 
superior to that obtained by measuring bnrs, because they combine 
till' advantages of great length and simplicity of manipulation, 
with the precision of the shorter laboratory standards, providing 
only that means be perfected for eliminating the errors of tem- 
perature and of sag in the ta{)e. Base lines can be so conveniently 
and rapidly measured with long steel tapes as to j)ermit of their 
being made of greater length than has been the practice with lint^s 
measured by bars, and as a result, still greater errors may be 
introduced in tape-measured bas(»3 and yet not all'ect th«' ultinnite 
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expansion any more than will the errors in the latter, because of 
the greater length of the base. 

The ta|K\s iistKl for this work are of sttn^l, either 300 feet or 
1(K) meters in length. The ta})es used by the ('oast Survey are 
101.01 meters in length, ().34 millimeters by 0.47 millimeters in 
eross-seetion, and weigh 22.3 grams per meter of length. They are 

subdivided into 20 meter spaces 
by graduations ruled on the sur- 
face of the tape, and their ends 
terminate in loops obtained 
either by turning back and an- 
nealing the tape on itself, or by 
fastening them into brass hand 
les. When not in use, thetaj)e8 
are rolled on reels for easy trans- 
portation. 

The steel tapes used by the 
Geological Survey are similar to 
those used by the Coast Survey, 
excepting in their length, whicL 
is a little over 300 fttet. They 
are graduated for 300 feet and 
are subdivided every 10 feet, the 
last 5 feet of which at either end 
is subdivided to feet and tenths. 
The various instrument-makers now carry such ta])es in stock, 
wound on hand -reels. All ta[)e8 must be standardizi^d before and 
after use, by comparison with laboratory standards, and, if possible, 
thereafter frecjncntly in the field by means of an iced-bar apparatus. 
In measuring with steel tapes, a uniform tension must be 
applied. In order to get a uniform tension of 20 to 25 pounds, 
some form of stretcher should be used. That used by the T.S. 
Coast Survey consists of a base of brass or wood, 2 or 3 feet 
in lengtli by a foot in width, U|K)n which is an upright metallic 
standard, and to this is attached by a universal joint, an ordinary 
s|)ring-balance, t(> which the handle of the tapt^ is fastened. See 
Fig. 121. The upright standard is hinged at its junction with 
tht» base, so that wIumi the tape is luring stretched, the tapeman 
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can put tlie projK^r tension on it by taking hold of the upper end 
of the upricrlit standard and using it as a lever, and by pulling it 
back toward himself he is enabled to use a delicate leverage on the 
balance and attain the proper pull. 

The t/iirmomeferx used are ordinary glass thermometers, 
around the bubbles of which should be coiled thin annealed steel 
wire, so that by passing them in the air adjacent to the tap\ a 
teini)eratiire corresponding to that of the tape can be obtained. 
ExjHM-icnc*' with such tlierniometers shows that they closely fob 

low the temperature of the steel tape. For 
the best results, two thermometers should 
be used, each at about one- fourth of the 
distance from the extremities of the ta{)e. 
The stretching deyice used by the U. 8. 
(Geological Survey is much simpler and 
more quickly manipulated than that of the 

C— -1^1 1 Coast Survey. The chief object to be at- 
-^ - J tained in tension is steadiness and uni- 




l"i^'. l-'>. formity of tension; the simplest device 

which will attain this end is naturally the 
best. Two general forma of such devices are employed by the V, S. 
(leological Survey, one for the measurement of base' lines along 
railways, wIuto the surface of the ties or the roadbed furnishes 
supj)ort for the tape, and the device must therefore be of such 
kind as to permit of the ends being brought close to the surface; 
the other is employed in measurements made over rough ground, 
wh(M'e tlie ta|»(^ may frequently bo raised to considerable heights 
above the surface and be supported upon pegs. 

Tlie stretelier used by the (ieological Survey for measuring 
on railways is illustrated in Fig. 122, and was devised by Mr. II 
L. Ijaldwin. Tt consists of an ordinary spring-balance attached to 
the forward end of the tape, where a tonsion of tw^mty pounds is 
applied, the rear end of the tape being caught over a hook which 
is held steadily by a long screw with a wing-nut, by which the 
zero of the tape may l)e exactly adjusted over the mark scratched 
on the zinc plate. Tht^ spring-balance is held by a wire running 
over a wheel, which latter is worked by a lever and held by 
ratchets in any desired position, so that by turning the wheel, a 



PLANE SUKVEVIN(4 171 



uniform strain is placed on the sprinfr-balance, which is held at 
the desired tension by the ratchets. 

The tape-stretcher used by the U. S. (leological Survey off 
railways consists of a board about 5 feet long, to the forward end 
of which is attached by a strong hinge, a wooden lever about 5 
feet in length, through the larger portion of the length of which 
is a slot. See Fig. 123. Through the slot is a bolt with wing- 
nut, which can be raised or lowennl to an elevation corresponding 
with the top of the hub over which measurement is being made; 
hung from the bolt is the spring- balance, to which the forward 
tapeman gives the proper tension by a direct pull on the lever, 
the weiirht of the lever and the friction in the hinrjo beincr such as 
to make it possible to bring about a uniform tension without dif- 
liculty. The zero on the rear end of the tape is adjusted over the 
contact mark on the zinc by means of a similar lever with hook- 
bolt and wing-nut, but without the use of spring-balance. 

Laying out the Base. The most laborious operation in base 
measurement is its preliminary ])reparation, which consists of: 

1. Aligning with transit or theodolite; 

2. Careful preliminary measurement for the placing of stakes on rough 

grounil: ' 

3. Placing of zinc marking-strips on the stakes. 

I>Hsr liiH's measured with steel tapes across country are aligned 
with transit or theodolite, and are laid out by driving large hubs 
of H X <> scantling into the ground, the tops of the same project- 
ing to such a height as will |)ermit a tape-length to swing free of 
obstructions. These large hubs are placed by careful preliminary 
measurement at exact tape-lengths apart, and between them as eup- 
j)orts, long stakes are driven at least every 50 feet. Into the sides 
of these near their tops are driven horizontally, long nails, which 
are placed at the same level by eye, by sighting from one terminal 
hub to the next. The taj)e rests on these nails and on the surface 
of the terminal hubs are tacked stri])s of zinc on which to make the 
contact marks. A careful line of spirit-levels must bo run over 
the base-lines, and the elevation of the hub or contact-mark of each 
tape-length must be determined in order to furnish data for 
reduction to the horizontal. 

In measuring oveV rough gn)und, six mtMi are necessary: two 
tajR* stretchers, two markers, two observers of thermometers, one 
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of whom will rtH.*ord. The eo-operation of these men is obtaiued 
by a code of signals, the first of which calls for the application of 
the tension ; then the two tape-stretchers by signal announce when 
the proj)er tension has been applied; then the rear observer adjusts 
the rear graduation over the determining mark on the zinc plate 
and gives a signal, Uj)on hearing which, the thermometer recorder 
near the middle of the ta])e lifts it a little and lets it fall on its 
supports, thus straightening the tape. Immediately thereafter the 
front observer marks the position of the tape graduation on the 
zinc plate, and at the same time the thermometers are read and 
recordtM.1. 

After the measurement of the base line has been completed in 
the field, the results of the measurement have to be reduced for 
various corrections, among which are: 

C/oinparison with standard measure; 

Cornvtions for inclination and sag of tape if such is used: 

(.''orroction for tenii)erature. 

Tile first correction to be applied is that of reducing the tape- 
line to the standard, "standardizing" the tape as it is called. By 
sending the ta[)e to the National Bureau of Standards at Washincr. 
ton, I). (\, a statement may be had of the length of the tape com- 
jmred with tlie standard. For this service a small fee is charged. 
For an additional fee a statement may be had of the temperature 
and j)ull at the ends for which the tape is a standard. 

As the length of a steel tape varies with the temperature, one 
of the most uncertain elements in the measurement of a base with 
th(i steel tajH', is the change in the length of the standard due to 
changes of temperature. Corrections, therefore, must be made for 
every tape- length as derived from readings of one or more ther- 
mometers applied to the tape in the course of measurement. 

Steel expands .OOOOiMiSoDO of its length for each degree 
Fahrenheit. This decimal multiplied by the average number of 
degrees of temp^ratun^ above or below 62 degrees at the time of 
the measurement, gives the proportion by which the base is to be 
diminished or extended on account of temperature changes. Tliis 
correction is applied usually by obtaining with great care, the 
mean of all thermometer readings taken at uniform intervals of 
distance during the measurement. 
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The data for the correction for inclination of base are obtained 
by a careful line of spirit-levels over the base-line. In the course 
of this leveling, elevations are obtained for every plug upon which 
the tape rests. The result of this leveling is to give a profile 
showing rise or fall in feet or fractions thereof between the points 
of change in inclination of the tape-line. From this and measured 
<listance8 between these points, the angle of inclination is com- 
puted by the formula 

sin 4> =-- ^ 

In which 1) is the length of the tape or measured base : 
and // is the difference in height of the ends of tape or 
measured base, expressed in feet. 
<t> is the angle of slo[)e expressed in minutes. 

The correction in feet to the distance is that computed by the 
e(]uation 

( orrection = D 6h 

An approTtmnte formula for reducing distances measured 
upon sloping ground to the horizontal is expressed by the rule : 
Divide the«square of the difference of level by twice the measured 
distance, subtract the quotient thus found from the measured 
distance, and the remainder equals the distance required ; thus 

"="- ay 

in which d equals the horizontal or reduced distance. 

AVhen the base measurement is made with steel tape across 
country, and accordingly is not supj)orted in every part of its 
length, there will occur some change in its length, due to sag. As 
previously ex[)lained, the tajH* should be rested upon supports not 
less than 50 feet apart. With supports placed even this short dis- 
tance apart, however, a change of length will occur between them, 
while even greater changes will occur should one or more supports 
be omitted as in crossing a road, ravine, etc. Since ta}x»s are 
standardized by laying them upon a flat standard, it is neci^ssary 
to determine the amount of shorten intr from the above causes. 
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The followinfi; rcHliiction formula? apply '- 

Let /r = weitrht per unit of length of tape : 

t = tension aj»plied 

//' 
// -- - 

M = number of sections into which tape is divided by 

supports. 
/ — - lencrtli of any section 

L — normal lentrth of tape or rifijlit-line distance be- 
tween n marks when under tension : = ttl ap- 
proximately. 
If ;i ta[>e l)e divided by e(|uidistant sup[X)rts, the difference io 
distance between the end graduations, due to sag, or the correction 
for sat^ — f/\j becomes 

If one or more supports are omitted, then the omission of m 
eonsecutive supports shortens the tape by 

J - //^ {fa r 1) {m. + 2) a' I': 

when / is the Ienn;th of the section when no supports are omitted. 
h\rf///(jJi\ Let ?i — () ; / = 50 feet ; //• — .0145 — weight 
in f)oun<ls ])er foot found by dividing whole weight of tape by 
whoU^ lent^th ; i^ - 20 pounds. 

./ - "^ ("^1' =0.0102 feet, 
21 f 

whicli is the amount of shortening of each tape-length. Thiscor- 
HH'tion is always negative. 

If tliere had been S(> full tape-lengths in* measured base-line, 
tiie total corrections for sair would be S(). X .()1*>2 = 1.808 feet. 

THE PLANE-TABLE, 

Construction. The ])lane- table consists essentially of a draw- 
ing-boanl mounted u])(»n a tripod. This board is usually twenty- 
fonr by thirty inches, constructed in sections to j»revent warping; 
it is attached ti) the trij)od by a three-screw leveling base arrangtM.! 
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to ]K»riiiit the board to bo turned in aziinutli and to be clamped in 
any position. 

The instrument is designed to at onee sketch in the field, to 
scale, the lengths and relative directions of all lines and the posi- 
tions of objects to be included in the survey. P'or drawing 
straight lines, a steel ruler is provided upon which is mounted at 
each end, a pair of open sights like those of the compass, or, a tele- 
scope is mounted at the center of the ruler, fitted with stadia 
wires, a vertical arc and a longitudinal striding level. The eye- 
pie<*e should he inverting, and whether the open sights or the tele- 
scoj)e is used, the line of sight should always be parallel to the 
edge of the ruler. The straight edge with the attached telescope 
or op»n sights is called the fili^hf/t. 

For leveling the instrument, two cylindrical levels, at right 
angles to each other, are mounted Uj)on the alidade and either an 
attacheil or detached compass is ])rovided for determining the bear- 
ing of lines. 

For attaching the paj)er to the board, various devices are 
used. One consists of a roller at each end of the table upon one 
of which the paper is wound up as it is unrolled from tlie other, 
the edges of the paj)er being held close to the board by s])ring 
clips. This arrangement j)ermits the pa{H*r to be used in a con- 
tinuous roll and to be tightly stretched over the board. The use 
of the continuous roll of paper is undesirable, however, and 
separate sheets of proper size should be used, attached to the board 
and held firmly in place by the spring clips provided with the 
instrument. The use of thumb-tacks should be avoided. 

Fnder the most favorable conditions, the })lane. table is a very 
awkward instrument and difficult to handle, but it is admirably 
adapted to filling in the details of a to[)ographical survey. For this 
purpose it is the standard instrument of tlie United States (Geo- 
detic Survey and is also largely u^ed by the I'nited States (ieolog. 
ical Survey. It cannot be used on damp or very windy <lays and is 
not therefore, of as general utility as the transit Jind stadia. 

Fig. 124: shows one form of construction of tlu» ]»lane table 
with leveling screws and Fig. 12+</ shows a plane table with a much 
simpler form of leveling head. This latter was designed by Mr. 
\V. I). Johnson and has received the approval of the tojK>graphers 
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of the rnittil States (ieoloixical Survey. The whole arranmMiieut 
is very licrht, but does not jx^rmit of as close levelintr as does tlu^ 
usual form with leveling screws. 

Adjustments. 

1st. 7^0 drfvna'nif' irlufhar ilke edge of the rultr ?.s- f<traviht. 




V'm:. via. 

Place the ruler uj)on a smooth surface*, and draw a line along its 
edge, and also lines at its ends. Jweverse the ruler on these lines, 
and draw another line alonjr its edw. If these two lines coincide, 
the ruler is straii/ht. 
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2iiil. 7f/ mttkf' the pliuu* (ff fhr tahh }t**rhf*ttttfl v^h^^n th^ 
huhhltit arr in th* f?ent* r fff the tftlhA, AsBiUnuig xUi* table to bt* 
]ilnuc\ «t*t th^ iilidftdti in tire niidtllr of tin* inble, lin**! hy meuns of 
tht* It^^t-lin^ Bcrews, draw linee alofi*r tJiM t*<l*£e aiiJ emh of the- 
nilrr^ ami rt'Verso the ulichHit^ on tlu»i4t* liiifis, IF tin* liuhlileF 
remain m the ceiitt*r uf llu* tnlH-i^, v\wy are in adjiiBtnumt* If they 




B^i^T c'orrt* ct (iru*J*iilf of tin* prrr^r liy menns of tb*^ Irvdiug 
(crewe nnd tlio reniain<k'r by nieiint^ of tbe cii|LNtau- headed Bcrewt« 
pf tJit* Ifvtd i\\Ut*M. lu*|^at tb** o|i4'mti(m until tho Ijuldib^s rt^mnin 
iii tlii» center of the tubes id both |K»?*itiunfi of the alidade. 

\&rizi^tiiiif *it!s ttf the teftHvojfe, 
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Level the table and point the telescope towards some small 
and well-defined object. Remove the screws which confine the 
axis of the telescope in its bearings, reverse the telescope in its 
bearings, that is, change the axis end for end, being careful not to 
disturb the position of the alidade upon the table, and again sight 
upon the same object. If the intersection of the cross hairs bisects 
the object, the adjustment is complete. If not, correct one-half 
of the error by me^ns of the horizontal screws attached to the 
reticle. Sight on the object again and repeat the 0|)eration until 
the line of collimation will bisect the object in both positions of 
the telescope. 

4th. T*> liutke the line of CfplUmation jutralhl in the a,fis(>t 
the hnhhle tuhe. 

Attach the longitudinal striding level to the telescx)pe and 
carry out the adjustment by the "peg" method as described for 
the transit. 

5th. To make the hoHzontal axla of the tvLsrojn^ jHrr^dhl in 
the plane of the taljle. 

Level the table and point the telescope to a well-defined mark 
at the top of some tall object, as near as possible consistent with 
distinct vision. Turn the telescope on its horizontal axis, and 
point to a small mark at the base of the same object. Draw 
lines on the table at the edge and ends of the ruler. He verse 
on these lines, point the telescope to the lower object and turn the 
telescope upon its horizontal axis. If the line of collimation again 
covers the higher point, the adjustment is complete. If it does? 
not, correct one-half of the error by means of the screws at one 
end of. the horizontal axis. 

0th To make the vertical arr ///• circle read sero whtn thr 
Ihte of coll iniat'ton is horizontitl , 

Level the table and measure the angle of elevation or depres- 
sion of some object. liemove the table to the object, level as 
before, and measure the angle of depression or elevation of the 
first point Half the difference, if any, of the readings is the 
error of the adjustment. Correct this by means of the screws 
attached to the vernier plate, and repeat the o[)eration until the 
angles as read from the two stations are equal. 
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Fig. 125. 



Use. The plane-table is used for the immediate mapping of 
a survey made with it, no angles being measured, but the direction 
and length of lines being plotted at once, upon the paper. The 
simplest case is the location of a number of points from one central 

point, called the method of radi- 
ation. The table is *'set up" so 
that some convenient point upon 
the paper is over a selected spot 
upon the ground and is then 
clamped in azimuth. Mark the 
point upon the table by sticking a 
needle into the board. Now bring 
the edge of the alidade in contact 
with the needle and swing it 
around until the line of sight, 
which is parallel to the edge of the ruler, is directed to the point to 
be located. Having determined the scale of the j)lat, a line is drawn 
along the edge of the ruler to scale, equal to the distance to the 
desired point, such distance having been measured either with the 
tape or stadia. In the same way locate all of the other points, 
which may include houses, trees, river banks, etc. If the plane- 
table is set up in the interior of a field at a point from which all 
of the corners are visible, the corners can be thus located and after 
beincr connected, there results a 
plot of the area. Instead of occu- 
pying a poilit in the interior of the 
field, one corner may be selected 
from which all of the others are 
visible, or a point outside of the 
field may be chosen from which to 
measure the lines to the several 
corners. Evidently from such a 
survey, data is lacking from which 
to calculate the area, and either 
the map must be scaled for addi- 
tional data or the area measured with the planimeter. 

The Fig. 125 illustrates the method of surveying a closed 
area by the method of radi^ition. The plane-table is at the point 
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o and drawn to an exaggerated scalt*. Tlie area ahcde representing 
to Bcale, the area ABODE. It raay be desirable to set up the 
table at some other point, as for instance one of the comers of the 
field, and run out some of the lines to the other corners as a check 
upon the work. 

Traversing, or the Method of Progression. This method is 
practically the same as the method of surveying a series of lines 
with the transit, but requires that all of the points be accessible. 
It is the best method of working as it provides a complete check 
upon the survey. 

Let ABODE, Fig. 126, be the 
series of lines to be surveyed by 
traver»ing. Set up the table at 
B, the second angle of the line, 
so that the point b upon the paper 
will be directly over the point 
B upon the ground. (The point 
h should be so chosen as to leave 
room upon the paj)er for as much 
of the traverse as possible.) Stick 
a needlo at the point h and place 
the edge of the alidade against it. Swing the alidade around until 
the line of sight covers the point A. Measure BA and lay it off to 
the proper scale as ha. Now turn the alidade around the point h 
and sight to and measure the distance BC and plot it to scale as he. 
Remove the instrument to c with the point e upon the paper directly 
over upon the ground, and ch in the direction of OB. This is diffi- 
cult to accomplish with the plane-table, but if the plot is drawn to 
a large scale, it must be done. If the plot is drawn to a small scale, 
it will be sufficiently accurate to set the table over the point as 
nearly as possible in the proper direction and then turn the hoard 
in azimuth until h is in the direction of B. Stick a needle at c and 
check the length of ch. Swing the alidade around r until the line 
of sight covers D, measure OD and plot cd, Kemove to D and 
proceed as before and so on through the traverse. 

If the survey is of a closed field, the accuracy of the work 
will be checked by the closure of the survey. 
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The method of progression is especially adapted to the survey 
of a road, the banks of a river, etc., and often many of the details 
may be sketched in with the eye. 

When the paper is tilled, put on a new sheet, and on it, fix 
two points, such as D and E, which were on the former sheet and 
from them proceed as before. The sheets can afterward be united 
so that all points on both shall be in their true relative positions. 

riethod of Intersection. This is the most rapid method of 
using the plane-table. Set up the instrument at any convenient 
point, as A in Fig. 127 and sight to all the desired points as D, E, 
F, etc., which are visible, and draw indefinite lines in their direc- 
tions. Measure any line as AB, B being one of the points sighted 
to, and plot the length of this line upon the paper to any convenient 
scale. Move the instrument to B so that b upon the paper will be 
directly over B u{)on the ground, and so that ha upon the j)aper 
will be in the direction of BA upon the ground as explained under 
the method of progression. Stick a needle at the point h and 
swing the alidade around it, sighting to all the former points in 
succession, and draw lines in their direction. The intersection of 
these two sets of lines to the several points will determine the 
position of the points. Connect the |X)ints as //, e^J\ y, in the 
figure. In surveying a field, one side may be taken as the base 
line. In choosing the base line, care must be exercised to avoid 
very acute or obtuse angles: 30'' and 150^ being the extreme limits. 
The imj)OS8ibility of always doing this, sometimes renders this 
method deficient in precision. 

TOPOGRAPHICAL SURVEYING. 

A topographical map is one showing the configuration of the 
surface of the ground of the area to be mapped and includes lakes, 
rivers, and all other natural features, and sometimes artificial 
features as well. 

A topographical survey is one conducted for the purpose of 
acquiring information necessary for the production of a topograph- 
ical map of the area surveyed. 

Nearly all engineering enterprises involve a toj)Ographical 
survey more or less extended, depending upon the nature and 
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importance of the contemplated work. The constmction of an 
important building may involve a survey of the foundation site 
to determine the amount of cut and fill ; the construction of a 
bridge will involve a hydrographic survey of a body of water to 
acquire information in regard to direction and velocity of current, 
depth of water, nature of bottom, and proper site for piers and 
abutments. A proposed railroad will not only involve a survey 
of the line itself, but a topographical survey extending from 200 
to 400 feet upon each side. The design of a sewer system or a 
waterworks system, dams, reservoirs, canals, irrigation channels, 
tunnels, etc , all involve topographical surveys. 

In what follows it is intended to outline the methods of con- 
ducting field operations, based partly upon the nature and impor- 
tance of the problem involved, and partly upon the instruments 
used. The different methods of representing topography and the 
involved drafting- room work will be fully treated in Topographical 
I)^awing. 

The field o[)erations, in so far as the methods and instruments 
are concerned, may be classified as follows : 

1. Sketching by the eye, without or with the tape for measuring dis- 
tances. 

2. Sketching with the aid of the Locke hand-level or clinometer, hori- 
zontal distances being measured either by pacing or with the tape. 

3. Determining the elevation of points with the wye-level, horizontal 
distances being determined either with the stadia or tape. 

4. Determining points with the transit and stadia. 

5. Topographical sketching with the plane-table and stadia. 

6. Photography. 

7. Triangulation. 

It is evident that the first method is entirely lacking in accu- 
racy, and such work should be done only when speed is the most 
important consideration, only tlie roughest approximation to the 
topographical features being attempted ; contour lines cannot be 
located. Work of this nature is of value principally for purposes 
of promoting an enterprise ; artistic, showy plates being desired. 
Little can be said descriptive of the manner of carrying out the 
field work, since this will require considerable artistic ability as 
well as the ability to •' st*e" things and est" mate distances. Com- 
paratively few men possess the ability to carry out topography of 
this nature. It necessarily follows that the work must be done 
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entirely by sketchiDg in the field, and for this purpose the 
following equipment is needed : 

2 or 3 medium pencils, kept well sharpened. 

Rubber eraser. 

Thumb-tacks. 

Several sheets of drawing paper, 14" X 14". 

One light drawing board, 15" X 15". 

A jx)cket compass will be useful in determining the bearing 
to prominent objects to tie in the stations of the survey. A Locke 
hand-level or Abney clinometer will also be useful for finding 
approximate heights, and either of these instruments can be 
readily carried in the pocket. It will be more convenient to have 
the paper cross-ruled into one-fourth inch squares, the center line 
being ruled in red, but if drawing paper is used, it will be neces- 
sary to add an engineer's scale to the equipment. The back of 
the drawing board should be fitted with a leather pocket, with flap 
and button, in which the blank sheets and the finished topographic 
sheets should be kept. A strap attached to the board and to go 
over the shoulder, will prove a great convenience. A waterproof 
cover should be provided to protect the board and sheets in case 
of rain. 

A compass or transit survey forms the backbone of the topog- 
raphy, and the sketching should include an area upon each side of 
the line so surveyed, and running parallel with it. 

A separate sheet should be used for each course (by course is 
intended the straight line from one turning point to the next), no 
matter how short it may be. Begin at the bottom of the sheet 
and sketch the topography up the sheet, that is, in the direction 
of the progress of the survey, and number the sheets in order. 
Begin each new sheet with the same station that ended the preced- 
ing sheet. After the field work is completed, the sheets can be 
laid down in order, the angles between their center lines corre- 
sponding to the deflection angles as given by the transit notes of 
the survey. The topography can now be traced upon tracing cloth 
in a continuous sheet. The method above outlined will result in 
a saving of tinu% esjR^cially in working up the topographic plat. 

The second method coiiunends itself in connection with a 
preliminary survey of a highway, steam or electric road, irriga- 
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tioD channels, canals, etc. The equipment should be as follows: 

1 or 2 straight edges, about 12 feet in length. 
1 or 2, lOO-foot steel tapes. 
1 or 2 plumb-bobs. 

1 i)ocket compass. 

2 or 3 medium [>encils, kept well sharpened. 
Rubber eraser. 

Thumb-tacks. 

Several sheets of drawing i>aper or cross-section paper, 14" X 14". 

One light drawing board, 15" X 15" with waterproof cover. 

The topof/raphic jmrty should be made up of the topographer 
and one or two assistants, depending somewhat upon the nature of 
the survey and the country traversed. If the country permits of 
rapid progress of the transit and level party, two assistants will be 
necessary to keep the topograpliy abreast of the survey. liapid work 
may, however, be done wnth one assistant, provided the topograj)hy 
does not extend more than 200 feet each side of the transit line. 

The Abney clinometer is well adapted for this class of work, 
on account of its portability, which is an important item in a 
rontrh country with steep side slopes. It can be used in the same 
way as the Locke hand-level, if necessary, but is a more generally 
useful instrument, as is described in Part 1. The straight edge 
should be of well -seasoned, straight-grained material, as light as 
possible, but so constructed as to prevent warping. It should be 
divided into spaces of one foot each, painted alternately red and 
white. The tapes should be of band steel, as they are subjected 
to rough usage, and they should be divided to feet and tenths at 
least. A ])lumb-l)ob is necessary for plumbing down the end of 
the tape on steep slopes. The pocket compass is a nece^tsarj/ 
adjunct in work of this character. The drawing paper should 
preferal)ly be cross -section paper ruled into one-fourth inch squares 
with a heavy center line in red, but if ordinary drawing pa|)er is 
used, it \v\\l he necessary to include in the outfit an engineer's 
scale, by means of which distances njay be platted upon the sheet. 
Enough of these sheets should be carried to cover a day's work, but 
no more. The drawing l>oard should be fitted up as described 
under the previous method. 

Method of Procedure. The transit line furnishes, of course, 
the backbone of the survey, and the topography will be taken for 
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the proj)er distance upon each side of this line, by locating points 
both as to distance and elevation, upon perpendiculars from the 
transit stations. In rough country, it may be necessary to locate 
these points intermediate between the transit stations. Before 
starting out upon a day's work it is necessary to procure from the 
level party, the elevation of the transit stations, or if the topog- 
raphy keeps pace with the transit survey, the elevation may be ob- 
tained from the leveler at each station. For points intermediate 
l>etween transit stations, the elevations may be gotten closely 
enoucrh with the clinometer or hand -level. The number of each 
station as well as its elevation, should be noted upon the topo- 
graphic sheet, and the topography will include the location of 
contour lines, at proper vertical intervals, as well as all streams, 
lakes, property lines, etc. An example showing the method of 
keeping the field notes, will at the same time best serve to explain 
the methods of conducting the survey. 

Beginning with station at the bottom of the sheet, the 
number and elevation of the station are noted. See Fig. 128. 
Sending the assistant out upon one side of the transit line and at 
right angles thereto, he holds the rod at points to be designated by 
the toj)Ographer, the distances to be determined ])y pacing, or with 
the tape, and the elevations determined either by sighting upon 
the rod with the clinometer, or by laying the straight edge upon 
the gi'ound at right angles to the line and applying the clinometer 
to it to determine the slope, from which elevations can at once be 
determined. Contour points are then readily interpolated and the 
distance out platted to scale upon the sheet and a note made of the 
elevation of the contour lines. If a lake or stream intervenes 
within the limits of the topographic survey, determine the distance 
to and elevation of the shore line and plat upon the sheet. Deter- 
mine points upon the other side of the transit line in the same way. 

If one or more contour lines cross the transit line between 
stations, determine the ])oints of crossing and plat the points upon 
the sheet, to scale, as shown between stations and 1. It will be 
noticed in this case that the elevation of station 0, is 138 feet and 
of station 1, is 141 feet. If contours are to be taken at vertical 
intervals of five feet, it is apparent that the llO-foot contour line 
must cross the transit line between these stations. If the Blo|)e of 
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tlu^ t^roiind is uniform, the jM)int of crossiuir may Ih^ taken at two- 
tin rtls of the distancci from to 1. Otherwise, locate the point 
with the elinometer. 
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Now ^o to station 1 and locate contour points and other 
topographic features as l>efore described, and connect points in tlio 
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same contour line, sketching in the curve of the line with the eye. 
Use a separate sheet for each portion of the transit line from turn- 
ing point to turning point; this will require that the turning 
points apj)ear upon two consecutive sheets. Likewise, if the length 
of the line between turning points is too long to be platted upon a 
single sheet, begin the second sheet with the same station that 
completed the first sheet and so continue throughout the survey. 
As each sheet is completed, number it and return to the pocket on 
the back of the drawing board. The pocket compass should be 
used for determining the bearing of property lines, roads, streams, 
etc., crossed by the survey, and to take the bearings to prominent 
objects. 

The topographic sheets should be tiled away in such a manner 
as to make them easily accessible at any time, as the engineer in 
charge of the transit survey may wish to consult them from time 
to time. The otKce work of preparing the topographic plat can be 
very exj)editiously carried out as before described. 

The use of the wye-level as a topographic instrument is 
limited, but for certain kinds of work the instrument is the most 
satisfactory, as for instance, the survey of a dam-site; the survey 
of a reservoir- site; the survey of a town preparatory to planning 
sewer and waterworks systems and the planning of street pave- 
ments. 

The instrument should be fitted with stadia wires for measur- 
ing horizontal distances, and this will usually prove a great conven- 
ience, resulting in saving of both time and expense. A steel 
tape should, however, be included in the equipment for field work, 
for the j)ur[)03e of checking measurements with the stadia. In 
addition to the above there should be provided, the following 
equipment: 

Self read in jj: level rod, capable of being read to hundredths of a foot. 

Hatchet. 

Marking crayon. 

2 or 3 medium pencils, kept well sharpened. 

Plumb lK)b. 

Rubber eraser. 

Portable turning ix)int. 

The method of using the level rod in connection with the 
Stadia for measuring distances has been fully discussed in Part IL 
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The portable tnrning point will prove of great convenience 
and may l)e made from a triangular piece of thin steel, with the 
corners turned down to j)roject alx>ut one inch. 

If the level is to be used wnth the tape, the party will be 
made up of the levelman, two tapemen and a rodman, unless the 
nature of the work will j)ermit of the rodman carrying the rear 
end of the taj)e. If the stadia is used for measuring distances, 
only the rodman will be required in addition to the levelman. 
The levelman carries the note boot and enters into it all rod 
readings both for elevation and distances. These notes should be 
entered upon the left-hand page, the right-hand page being re- 
served for notes and sketches, which should be as full as possible. 
The levelman should cultivate the practice of calculating the ele- 
vations of the stations as the work progresses, at least of the 
turning points and bench-marks, in order that the results may be 
checked and errors discovered at once and corrected. If this work 
is left to be afterward carried out in the otHce, errors may be dis- 
covered that may require considerable time to locate and correct. 

If the area to be surveyed is, for instance, a reservoir site, it 
will be found most convenient to cover the area with a system of 
rectangles as shown in the figure, the j)arallel lines being spaced 
from 200 to 400 feet a[)art as may be most desirable. Tlu^se lines 
should be run in with the transit, stakes being set at the inter- 
sections of the cross lines, or if the area is not very extended and 
is comparatively level, by means of the level itself, the perpen- 
dicular distances between the parallel lines being measured with 
the tape. 

These lines having been laid down, the next step is to estab- 
lish a system of bench-marks over the area. Begin by establishing 
a *' standard " bench-mark at some central point upon a permanent 
object, easily identitied, and from thence radiate in all directions, 
returning finally to the original bench-njark for purposes of 
checking. Having located and satisfactorily checked the bench- 
marks, begin by running the level over all the lines running in 
one direction, as from A to B, back from C to I) and so on, taking 
rod readings at every fifty or one hundred feet, in addition to the 
readings at the stakes at intersections of cross lines. It is to be 
understood that stakes are not to be driven at the intermediate 
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points. Next run the level over the lines at right angles to the 
former ones and in the same way, checking the levels at inter- 
sections. Advantage should be taken of every opportunity to 
chtH^-k upon bench-marks previously located, and to establish 
others. 

In keeping the field records, the notes of the two sets of lines 
should be kept in separate books ; that is to say, if, for instance, 
one set of lines run north and south, and, therefore, the other east 
and west, the notes of the north and south lines should be entered 
in one set of books and the notes of the east and west lines in an- 
other set, and a note should be made of the direction in which a 
line is run, as from north to south or from east to west. 

In conducting a survey for the preparation of a topographical 
map necessary to the design of a sewer or waterworks system, 
much the same method is to be followed, but now the streets and 
alleys take the place of the rectangular system referred to above. 
As before, all the streets and alleys running in parallel directions 
are to be gone over in a systematic way, readings being taken fifty 
or one hundred feet apart in addition to street and alley intersec- 
lions. (By street and alley intersections is intended the intersec- 
tions of the center lines, the lines of levels being run along these 
center lines.) If a fairly accurate map of a town is available, the 
distances measured with the tape along the center line of the streets 
and alleys will serve as a check upon the map. If, however, dis- 
crepancies occur or there is no map available, it will be necessary 
to use the transit for staking out street lines and for determin- 
ing the relative directions of these lines. It follows that the 
topography of the ground between streets and alleys can only be 
approximated, but sufficient points accurately determined will 
have been established to permit the platting of a contour map, 
from which the system can be laid down. 

The office work involved in the survey of an area, as above 
described, consists in preparing profiles of the level lines and pre- 
paring a plat of the lines surveyed. From the profiles the contour 
points can be laid down in their proper position upon the plat, and as 
each point is laid down, its elevation should be noted in pencil, and 
after all the ])oints have been platted, the ])oints in the same contour 
line can be connected — preferably free-hand — producing the con- 
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toup map. The scale to be adopted will dejH^id upon the nature 
of the work, but should be as large as possible, consistent with the 
convenient handling of the map. 

Transit and Stadia. The method by transit and stadia is of 
more general application than the preceding method, points being 
located by ''polar co-ordinates," that is to say, by direction and 
distance from a known point, the elevation being determined at 
the same time. 

Method of conducting field operations. If the area to be sur- 
veyed is small, the preceding method, based upon a system of 
rectangles, will prove satisfactory, and the elevations of the corners 
and salient points can be determined at the same time that the 
lines forming the rectangles are being laid down. Especial care 
should be taken to check the elevations of the corners. 

In making a survey for a sewer or a waterworks system, the 
transit and stadia method will be found efficient, especially in cases 
where no survey has previously been made, the map, if it exists at 
all, having been compiled from the records in the (Jounty liecord- 
er's office. The bench-marks necessary in a survey of this kind, 
however, should be established with the wye-level, and it may be 
desirable to determine the elevation of street intersections in the 
same way. 

If the area to be surveyed is too large, or of uneven topography, 
proceed as follows: Choose a point, as the intersection of two 
streets, the corner of a farm, or an arbitrary point conveniently 
located and drive a stake tirmly at this point, ''witnessing" 
it from other easily recognized points or stakes. The trancit should 
be set over this point with the vernier reading zero, and the instru- 
ment pointed by the lower motion in the direction of the meridian. 
This may be the true meridian previously deteririined, the mag- 
netic meridian as shown by the needle, or an arbitrary meridian 
assumed for the purpose of the survey. It will generally be more 
satisfactory to run out a tru6 meridian by means of the solar 
attachment, but in any event the direction of the line taken as a 
meridian should be defined by stakes, tirmly driven into the ground. 
and " witnessed " by stakes or other ob jtH'ts easily recognized. 
The elevation of the starting point, if not Known, is assumed and 
recorded in the notebook. A traverse line should now be run, its 
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position and direction chosen with a view to obtaining from eaefa 
station the largest possible number of pointings to salient features 
of the area under survey, and these pointings are taken while the 
instrument is set at any station, and before the traverse is com- 
pleted. 

The length of each course is measured with the stadia, and 
together with the azimuth and the vertical angle, it should be 
recorded in the notebook. The length, azimuth, and vertical angle 
of each course should be read from both ends to serve as a check. 
The additional pointings taken from each course of a traverse are 
usually called *' side shots", and for each there are required the 
distance, azimuth, and vertical angle. These will locate the point 
and determine its elevation. 

The method of using the stadia has already been quite fully 
discussed in Part II., and need not be repeated. 

The fK)iiits selected for side shots should be such as will 
enable the contours to be platted intelligently and accurately upon 
the map of the area under survey. They should be taken along 
ridges and hollows and at all changes of slope. They should be 
taken at frequent intervals along a stream to indicate its course, 
or along the shore of a lake. It is usually recjuired that the 
location of artificial structures, such as houses, fences, roads, etc., 
be determined that they may be mapj)ed in their proper position. 
Pointings, therefore, should be taken to all fence comers and 
angles, and to enough corners and angles of buildings, to permit 
of their being platted. Sufficient points should be taken along 
roads to determine their direction. Wooded lands, swamps, etc., 
may be indicated by pointings taken around their edges, in 
addition to the notes above described, the recorder should amplify 
the notes with sketches, to aid the memory in mapping. 

The traverse, of course, forms the backbone of such a survey, 
and the accuracy of the resulting topographical niap will depend 
upon the degree of care bestowed u])on running the courses. 
Over uneven ground, it is often desirable to run a secondary trav- 
erse from the first, for the more rapid and accurate location of 
points. 

1 he organization of a party will depend upon the nature 
of the country traversed and of the results required. Changes in 
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the make-up of parties, as given below, will suggest themselves 
for any special work. 

For economy and speed, the party for taking topography with 
transit and stadia will consist of a transitman or observer, a 
recorder in charge of the notebook, who should be capable of making 
such sketches as are necessary, and two to four men with stadia 
rods. The greater the distances to be traversed by the stadia men 
between points taken, the greater number the observer can work 
to advantage. One or two axemen may be employed if clearing 
is to be done. 

The party may be reduced to two men -one to handle tlie 
instrument, record notes and make sketches, the other to carry the 
rod. 

The Plane Table and Stadia. The plane table is an instru- 
ment intended for topographic purposes only and is used for the 
immediate mapping of a survey made with it, no notes of angles 
being taken, but the lines being platted at once upon the paper. 
The use of the plane table has been fully described. In topo- 
graphical work over an extended area, it may be used for filling in 
details, based upon a previous traverse made with a transit, or 
based upon a system of triangulation as will be deseribed. Over 
small areas, the traverse itself may be run with the {)lane tal)le 
and the details filled in at the same time. It is the standard in- 
strument of the United States (leological Survey and is largely 
used upon the United States Geodetic Survey. 

The points in favor of the plane table are : Kconomy, since 
the map is made at once without the expense of notes and sketches; 
and as the mapping is all done upon the ground to be represented, 
all of its [)eculiarities and characteristics can be correctly repre- 
sented. 

On the other hand, the plane table is an instrument useful 
only for taking toj)ography ; the rodmen are idle while the map- 
ping is being done ; the instrument is more unwiehly than the 
transit, particularly upon ditticult ground ; the reeonl of the work 
for a long period is constantly exposed to accident ; the distortion 
of the paj)er with the varying dampness of air, intrcnlnces errors 
in the map ; while the area exposed makes it too unstable to use 
in high winds. 
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The organization of a party for the taking of topography, 
using the plane table, is much the same as with the transit and 
stadia ; however, on account of the weight of the instrument, 
means of transportation must be provided. 

A less number of rod men can be employed than with the 
stadia, owing to the time required for mapping. 

An observer, a man to reduce stadia notes and sketch topog-' 
raphy around points determined by intersection or stadia from 
the plane table station, and one rodman, will make the minimum 
working party, in addition to which, axemen and a team for trans- 
portation will be required. 

Photofi^raphy. The following is taken from Gillespies Sur- 
veying (Staley). 

" Photography has long been successfully employed by 
European engineers, notably those of Italy, for the purpose of 
taking topography. The Canadian Government has also employed 
it successfully in the survey of Alaska. 

The recommendation of this method is the great saving of 
time in the field, while giving topographic features with all the 
accuracy required for maps to be platted on a scale of 1 to 25,000. 

M. Javary states that the maximum error both for horizontal 
distances and elevations, using a camera with a focal length of 
twenty inches and a microscope in examining the points, was 
only 1 in 5,000 as deduced from a number of cases. 

M. Laussedat, in his work, found that this method did not 
require more than one-third the time necessary by the usual 
methods. 

This makes it especially suitable in all mountainous regions, 
where so much time is lost in getting to and. from stations, that 
little is available for observations and sketching. 

A single occupation of a station with photographic apparatus 
would suffice to complete work that with the ordinary methods 
would require several days." 

Instruments. The ordinary camera may be used, if it is pro- 
vided with a level. A tripod head for leveling the instrument, 
and a roughly graduated horizontal circle for reading the direction 
of the line of sight, when photographing diflferent parts of the 
horizon, are convenient attachments. 



PLANE SUKVEYING 195 



A camera is sometimes used upon a plane table, the record 
of the work being made upon the paper in connection with a set 
of radial lines drawn from the point representing the station 
occupied. 

Many special forms of instrument combining the camera and 
theodolite have been devised, some one of which should be used 
if work of this kind is to be undertaken on a large scale. For a 
description of these instruments, and a complete treatise on this 
subject, comprising a discussion of the requirements of the appa- 
ratus, the fundamental principles of photography, methods of Held 
work, forms of notes, reduction of notes and making of the map, 
together with the bibliography of the subject, see United States 
Coast and Geodetic Survey Rej)ort, 1898, Part 11., Appendix 3. 

The camera tripod as ordinarily constructed is too unstable 
for purposes of topographic surveying, and it is desiral)le to have 
a trijxKl constructed especially for this class of work. Glass plates 
are heavy and awkward to carry aside from their fragile nature. 
Cut lilms can be procuretl in any of the standard sizes, and as 
they are light and stand rough handling and give ordinarily as 
good results as the glass plates, they are to be preferred. Their 
cost is about double that of the glass. 

TRIANQULATION. 

This method of surveying is sometimes called '* Trigonometric 
Surveying" and sometimes ''(ieodetic 8urvt*ying'\ though this 
latter is properly applied only when the area to be surveye<l is so 
extensive that allowance must be made for the curvature of the 
earth. Since this instruction pa])er is devoted to Plane Surveying 
only, the curvature of the earth will be neglected. 

Triangulation, or Triangular Surveying, is founded upon the 
methcxl of determining the position of a point at the apex of a 
triangle of which the base and two angles are measured. Thus in 
Fig. 121) the length of the base line AH is measured and the 
angles PAB and l^HA are measured, from which can be calculated 
the lengths of the sides PA and PH. This calculated length of 
PA will then be taken as the side* of a second triangle, and the 
angles PAC and PC A measured, from which the other sides of 
the triangle can be calculated. By an extension of this principle, 
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a field, farm, or a country can be surveyed by measuring a base 
line only, and calculating all of the other desired distances, which 
are made the sides of a connected series of imaginary triangles 
whose angles are carefully measured. 

Measuring the base line. I or 
a base line, a fairly level stretch 
of ground is selected, as nearly as 
possible in the middle of the area 
to be surveyed, and a line from 
one thousand feet to one-half mile, 
or longer, is very carefully meas- 
ured. The ends of this line are 
marked with stone monuments or 
solid stakes. If the survey is of 
sufficient importance, the ends of 

„ _ the base line and the apexes of the 

Fig. 129. ^ 

triangles should be permanently 

preserved by means of stones not less than six inches square in 

cross-section and two feet long, these stones being set deep enough 

to be l>eyond the disturbing action of frost. Into the top of this 

stone should be leaded a copper bolt about one-half inch in diam- 

eter, the head of the bolt being marked with a cross to designate 

the exact point. The point may be brought to the surface by a 

plumb-line for use in the survey. The location of each monument 

should be fully described with reference to surrounding objects of 

a ])ermanent character, so as to be easily recovered for future use. 

The measurement of the base line for the areas of limited 
extent should be made with a precision of from one in five thousand 
to one in fifty thousand, depending upon the scale of the map. 
the ext'Mit of the area under survey, and the nature and importance 
of the work. 

The two ends of the base line having been determined and 
marked, the transit is set over one end and a line of stakes ranijed 
out between the two ends, esj)ecial care being taken to make the 
alignment as perfect as possible. These stakes should be not less 
than two inches square, driven firmly into the ground, preferably 
at even tape lengths apart, or at least at one-half or one-quarter 
tape lengths, center to center; the centers should be marked by 
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liuo Bcratcbes upon strips of tin or zinc tacked to the top of the 
stakes. 

For ordinary work the base line may be measured with a tape, 
notes being made of the temperature, pull, grade, and distances 
between supports, the tape having been previously standardized. 
For a degree of j)reci8ion, such as is attempted upon the work of 
the United States Coast and (leodetic Survey, more refined methods 
are used, but as this properly belongs to geodetic surveying, it is 
unnecessary to consider it here. 

Measuring the angles. After establishing and measuring 
th(^ base line, prominent points are chosen for ti {angulation [K)ints 
or a|H»xes of triangles, and from the extremities of the base line 
angles are observed to these points, care being taken to so choose 
the points that the angles shall in no case Ix) less than SfT, nor 
more thnn 120"'. The distances to these and between these points 
are then calculated by trigonometric methods, the instrument being 
then j)laced at each of these new stations and angles observed from 
them to still more distant stations, the calculated lines being used 
as new base lines. This ])rocess is repeated and extended until the 
entire district included in the survey is covered with a network of 
"primary triangles " of as large sides as possible. One side of the 
last triangle should l>e so located that its length can be determined 
by direc't measurement as well as by calculation; the accuracy of 
the work can thus be checked. Within these primary triangles 
secondary or smaller triangles are formed to serve as the starting 
points for ordinary surveys with the transit and tape, transit and 
stadia, plane table, etc., to fix the location of minor details. 
Tertiary triangles may also be formed. 

When the survey is not very extensive, and extreme accuracy 
is not required, the ordinary m(»tliods of measuring angles may be 
employed. Otherwise there are two methods of measuring angles, 
called, respectively, the method of rejK^tition and the methcxl by 
continuous reading. AVhen an engineer's transit is used for 
measuring angles, the method by repetition is the simplest and 
best and is carried out as follows : The vernier is preferablv set 
at zero degrees and then by the lower motion turned ujM)n th(» left- 
hand station; the lower motion is then clamped and the instrument 
turned by the up|x*r motion upon the right-hand station; the 
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upper motion is then clamped and tlie instrument turned by the 
lower motion upon the left-hand station; lower motion clamped 
and instrument again turned by upj)er motion upon right-hand 
station. This process is repeated as often as may be necessary to 
practically cover the entire circle of 300^ and the circle is then 
read. This reading divided by the number of repetitions will give 
the value of the angle. 

Now rev^erse the telescope and repeat the observations 
described above, but from rl<fht to left; the readings being taken 
in both directions to eliminate errors due to clamping and unchimp- 
ing and personal errors due to mistakes in setting upon a station. 
The readings s'hould be taken with the telescope both direct and 
reverse to eliminate errors of adjustments. Both verniers should 
be read in order to eliminate errors due to eccentricity of verniers, 
and the entire circle is included in the oj)eration in order to elim- 
inate errors due to graduation. 

The second method, by continuous reading, consists in point- 
ing the telescope at each of the stations consecutively, and reading 
the vernier at each pointing; the difference between the consecu- 
tive readings being the angle be- 
tween the corresponding points. - 
Thus in Fig. 130 with the instru- 
ment at zero, the telescope is first 
directed to A and the vernier is 
read ; then to B, C, D, E, etc., in 
succession, the vernier being read 
at each pointing. The reading 
of the vernier on A, subtracted 
from that on B, will give the angle 
„. -^ AOB and so on. It is necessary 

in this method, to read both to 
the right and to the left, and with the telescope both direct and 
inverted. Since each angle is measured on only one part of the 
limb, it is necessary after completing the readings once around 
and back, to shift the vernier to another part of the limb and 
repeat the readings in both directions, and with the telescope 
direct and inverted. This is done as many times as there are sets 
of readings. Each complete set of readings to right and left, with 
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the telescope direct and inverted, gives one value for each angle. 

The lengths of the sides of the triangles should be calculated 
with extreme accuracy in two ways if possible, and by at least two 
persons. Plane trigonometry may be used for even extensive 
surveys; for though these sides are really arcs and not straight 
lines the error under ordinary circumstances will be inappreciable. 

Radiating Triangulation. This method as is illustrated in 
Fig. 131 consists in choosing a conspicuous point (), nearly in the 
center of the area to be surveyed. Other points as A, I^, C-, D, 
etc., are so chosen that the signal at ( ) can be seen from all of 
them, and that the triangles ABO, BOO, etc., shall be as nearly 
equilateral as possible. Measure 
one side, as AB for example, 
and at A measure the angles 
OAB and OAG; at B measure 

the angles OB A and OBC; and ^^ '^ '' -1^'' 

so on around the polygon. The 
correctness of these measure- 
ments may be tested by the sum 
of the angles. It will seldom be 
the case, however, that the sum 
of the angles will come out just 
even, and the angles must then 
be adjusted, as will be explained '^' 

later. The calculations of the lengths of the unknown sides are 
readily made by the usual trigonometric methods; thus in the tri- 
angle AOB, there are given one side and all of the angles of the 
triangle from which to calculate AO and BO. Similarly all of 
the triangles of the polygon may be solved, and finally the length 
of OA may be measured and com{)ared with the calculated length, 
ap found from the first triangle. 

A farm or field may be surveyed by the previously descril)ed 
method, but the following plan will often be more convenient : 
Choose a base line as AB within the field and measure its length. 
Consider first the triangles which have AB for a base, and the 
corners of the field for vertices. In the triangle ACB for example 
(see Fig. 132), we measure the angles CAB and CBA and the 
length of the base line AB. AVe can therefore calculate tlie length 
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of AC and Hi \ Next consider the field as made up of triangles 
with a conimou vertex A. In each of them, two sides and the 
included an^rle are <^iven, to find the tliird side. If now the point 
B at the other end of the base line he taken for a common vertex, 
a check will he ohlained uj)on the work. 

A field or a farm or any inaccessible area such as a swamp, 
a lake, etc., may be surveytnl without enterintr it. For a farm or 
any area pcrniittiricr unobstructed vision, it will only be necessary 

to choose a base line AI>, from 
which all of the corners of the 
farm, or all of the salient jioints 
of the area, can be seiMi. Take 
their bearings, or the angles l)e- 
tween the base line and their 
directions. The distances from 
A and B to each of them can be 
calculated as described, and the 
y. ^ ^o»> figure will then show in what 

manner the content of the field 
is the difference between the contents of the triangles having A 
or I] for a vertex, which lie outside of it, and those which lie 
partly within the field and partly outside of it. Their contents 
can be calculated, and their difference will be the desired content. 
See Fig. I'SH. Evidently the entire area included between the cor- 
ners of the field and the base line is the sum of the triancjles A2B, 
2^Vi\ and ;U> k Subtracting from this sum the areas of the tri- 
angles 2A1, lAB, 11)<), iji\l\ aiui 5B4, there will remain the 
recjuired area of the field, V2'M*){}, 

In all of the operations which have been explained, the ])Osi. 
tion of a jK)int has been determined by taking the angles, or bear- 
ings, of two lines jmssing from the two ends of a base line to the 
unknown point, but the same determination may be effected 
inversely l>y taking from the ])oint the bearings by compass of the 
two ends of the bast^ line or any two known points. The unknown 
ptnnt will then be iixt»d ]>y jilotting from the two known ]>oints, 
the opposite bearings, for it will be at the intersection of the lines 
thus determined. 
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The determination of a point by the method founded on the 
intersection of lines, lias the serious defect that the point sij^hted 
to will be very indefinitely determined if the lines which fix it 
me<^t at a very acute or a very obtuse angle, which the relative 
position of the points observed from and to often render unavoid- 
able. Intersections at rijrht 
antrles should therefore be 
s(»uirht for, so far as other con- 
siderations will ])ennit. 

Adjusting the Triangle. 
All of the anMes of ai^ivtMi tri- 
angle are measured. If but two 
have been measured, and the 
third computed, the entire error 
of measurement of the two angles 
will be thrown into the third 
angle. It will be foiMMJ, upon 
ad<ling together the nu'asured angles of a triangle, that the sum of 
the three angles is almost invariably more or less than isO . AVith 
the engineers transit the error should be less than one minute. 
If there is iio reason to suppose that one angle is measured more 
carefully than another, this error should be divided ecjually among 
the three ancjles of the trian<rle, and the <'nrt'citi(l ant^les are used 
in computing the azimuths and lengths of the sides. This distri- 
bution of the error is calltMl ** ad justincr *' the trianirU*. With tin* 
large systems of extensive geodetic surveys much more elaborate 
methods are employed, 8ince a large number of triangles must be 
adjusted simultaneously so that they will all be geometrically con- 
sistent, not onlv each by itself, but one with another. 
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